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This study examines specific data needs
for outdoor recreation planning and the
ability of tested remote sensors to
provide sources for these data. Data
needs, remote sensor capabilities,
availability of imagery, and advantages
and problems of incorporating remote
sensing data sources into ongoing
planning data collection programs are
discussed in detail. Examples of the
use of imagery to derive data for a
range of common planning analyses are
provided. A selected bibliography
indicates specific uses of data in
planning, basic background materials
on remote sensing technology, and
sources of information on environmental
information systems expected to use
remote sensing to provide new environ-
mental data of use in outdoor recreation
planning.
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PREFACE
In the United States planning for many types of natural
resource utilization has been underway for decades. However,
comprehensive planning for £he outdoor recreation use of
natural resources has been undertaken systematically only since
the early 1960's. In addition to its late start, this planning
has not been of the same qualify as that for other types of
natural resource usage. Many of the problems which planners
faced in justifying goals and programs for outdoor recreation
and in developing comprehensive plans to implement these goals
stem from the fact that specific types of information have not
been available to the planner. When available, these data are
frequently lacking in quality or completeness, or are out of
date. Moreover, in the planning process data collection has
become increasingly costly as planners need more types of data
more frequently to keep track of rapid changes in the environ-
ment in response to increasing pressures of urbanization and
continuing economic growth.
Because the quality of planning depends to an important
degree on the quality of the information used by the planner,
securing appropriate information is critical to continuing
and improving the outdoor recreation planning process. Recent
developments in the technology of remote sensing indicate that
it may be a means of substantially improving the data base
used in outdoor recreation planning. To determine the range
of possible remote sensing applications in outdoor recreation
^ planning, this document outlines the planning process, identi-i
fies the types and qualities of data needed for planning
analyses, then analyzes the ability of developed remote sensors
and interpretation techniques to provide planning data.
This report may be used as a manual by planners, resource
analysts, and administrators responsible for programs of data
collection and planning analyses. It is organized to reflect
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individual differences in background with respect (1) to data
usage in recreation planning, (2) to understanding and use of
remote sensing technology, (3) to knowledge of the availability
and sources of imagery, (4) to experience in photo or image
interpretation, and (5) to interest in further reading on remote
sensing techniques.
Problems of acquiring data for outdoor recreation planning
and advantages of remote sensing as a source of data are indi-
cated in Chapter I. Chapter II examines the recreation planning
process and indicates the types of data and data sources
currently used or recommended for specific types of planning
analyses. Most planners will be familiar with the general
problems and discussion presented in these two chapters. How-
ever, they should find suggestions for the use of specific
types of data which have not been previously considered or which
have not been readily available at reasonable cost. Use of
these types of data could enhance the quality of planning.
Chapter III provides examples of commonly available
remote sensing imagery and discusses characteristics of sensors
and imagery interpretation techniques. The ability of these
remote sensing techniques to provide planning data is then
outlined. Chapter IV discusses advantages and disadvantages
of using remote sensing as a major source for planning data
and indicates sources and types of imagery generally available.
Chapter V provides examples of the use of such imagery in outdoor
recreation planning. Simple interpretation techniques available
to most planning agencies are applied to high altitude color
infrared photography to derive data for problems frequently
faced by the planner. Chapter VI provides a list of selected
references for further background in the use of remote sensors
and interpretation techniques. A second list of references
indicates the range of recreation literature from which data
types outlined in Chapter II were identified. The third set
of references deals with environmental information systems
which previously have not been readily available for outdoor
recreation planning.
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CHAPTER I
REMOTE SENSING AS A DATA SOURCE FOR
OUTDOOR RECREATION PLANNING
The Need for New Sources of Planning Data
The quality of outdoor recreation planning depends to a
large extent on the quality of information available to the
planner. The planner must have adequate information to identify
recreation oriented goals and demands, to analyze the quality
and quantity of recreation resources, to record the use of these
resources, and to determine the administrative and political
capability of recreation agencies to maintain existing resources
and plan for new ones.
Outdoor recreation is one of the most diverse types of
human experience. Any change in the social or physical environ-
ment can directly affect the enjoyment or carrying capacity
of a recreation resource. Thus the planner needs a range of
data as diverse as the factors comprising the outdoor recrea-
tion experience. Given their small staff and budgets relative
to work loads, most outdoor recreation planning agencies
depend heavily on other public and private agencies for data
collection. Federal, State, or local agencies are directly
responsible for collecting and analyzing specific data related
to most of the physical and social processes with which planners
must deal. The planner receives data from these agencies in
differing degrees of accuracy, in differing formats, and on
different schedules of availability depending on the goals,
budgets, and time schedules of the data collecting agencies.
Often these data are not adequate for specific types of recrea-
tion analyses or do not arrive in time to meet the planners'
deadlines. Assembling these data and reworking them for
specific planning problems constitutes a major effort and
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expense for most outdoor recreation planning agencies. The
planner would clearly benefit from an alternative source of
data which could cover a wide range of processes, could be
frequently revised, could easily be manipulated for analysis,
and hopefully would be cheaper. Remote sensing techniques
are tools promising to provide such a source of new and more
readily usable information.
Past Use of Remote Sensing as a Source of Planning Data
Remote sensing based information may be broadly considered
to be information about a characteristic or process which is
obtained without making physical contact with the characteristic
or process. This study is concerned with the types of physical
and social information used in outdoor recreation planning which
can be obtained from pictures or images of the earth and its
atmosphere created by sensors using visible light and other
forms of electromagnetic radiation.
Planners have used low altitude black-and-white aerial
photographs extensively as a data source. From this type of
remote sensor a wide range of information on physical and
social processes has been extracted without extensive ground
checking. Black-and-white aerial photography has had other
advantages. It has been rapidly interpreted to meet the crisis
needs for data which planners frequently face. In addition,
with photos available the planner has been able to undertake
his own data interpretation program to reduce his reliance
on other agencies for many types of data. As other types of
remote sensing imagery, especially color photography and
electronic scanning from high altitude aircraft and satellites
become widely available, such imagery will provide new sources
for a wide range of information used in outdoor recreation
planning.
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Recent Developments in Remote Sensing Technology
From the beginning of America's space program, the National
Aeronautics and Space Administration (NASA), the Department of
the Interior (EROS Program), managed by the Geological Survey,
Earth Resources Observation Systems Program,and similar programs
in other agencies have invested heavily in remote sensing
technology. These agencies have experimented widely with the
use of new types of cameras and electronic sensing devices,
with new types of films and imagery, with aircraft and satellites
to carry remote sensing equipment, and with systems to distribute
imagery and data derived from remote sensors.
Analyses of applications and demonstrations of effective
usage of imagery have not proceeded as rapidly as the develop-
ment and testing of sensor technology. Although many experiments
and reports have demonstrated that a wide range of data used in
outdoor recreation planning can be extracted from remote sensing
imagery, few planners are prepared to interpret and use it on
a regular basis. Future research should focus more directly
on this problem of increasing and improving the use of remote
sensing technology in planning and other activities.
This study indicates the extent to which the data needs of
planners can be satisfied by remote sensing technology and the
problems planners may face in making regular use of this source
of data in their planning. As remote sensing technology and
imagery become increasingly available, they should provide a
source of data covering larger areas, in greater detail, on
more processes, which can be more frequently corrected or
updated and more easily manipulated than sources which the
planner now uses. If the planner can use remote sensing tech-
nology to derive new data or compile data currently obtained
from other sources more cheaply and rapidly, he can concentrate
the effort saved on collecting data not provided by remote
sensing or engage in other necessary planning and implementation
activities.
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To take advantage of this source, recreation planners
must first identify the types and qualities of data used or
needed to plan adequately (Chapter II), understand the ability
of different remote sensors to provide a source for these data
(Chapter III), familiarize themselves with procedures for
acquiring imagery and interpreting data on a regular basis
(Chapter IV and V), and be prepared to explore the considerable
literature on the developing technology of remote sensing
(Chapter VI). Having mastered the use of this tool in regular
planning activities, the planner or program administrator will
be in a much stronger position to request specific support
for data collection using remote sensing as a basic source.
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CHAPTER II
DATA NEEDS FOR CONTINUING COMPREHENSIVE OUTDOOR
RECREATION PLANNING
Introduction
This chapter discusses the outdoor recreation planning
process along with types of agency activities involved in
continuing comprehensive planning. To undertake and justify
each of these activities, specific types of analyses and data
are required. An extensive search of the literature related
to outdoor recreation reveals the types of data, units of
measurement, levels of accuracy, and current sources which
are most frequently used or recommended for planning analyses.
All too often these data are not available, or are inappro-
priately measured, out of date, or in formats unsuitable for
planning purposes. Remote sensing imagery can provide a
source for many types of data which is less subject to these
problems of data availability and quality.
Using Table 1 in this chapter, planners can determine
the types of data recommended for use in the analyses they
wish to perform. If sources of these data are not readily
available, the planner can determine from Table 3 in Chapter
III whether remote sensing imagery can provide a suitable
source. If it would be useful, the planner can determine
whether appropriate imagery can be obtained from the discus-
sion of remote sensing sources in Chapter IV.
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Activities and Data Needs in
Outdoor Recreation Planning
The Planning Process
The wide range of social and physical processes which
should be analyzed in outdoor recreation planning and the
types of data needed to support such analysis are indicated
in the Bureau of Outdoor Recreation guidelines for preparing
a continuing statewide comprehensive outdoor recreation
plan. The full range of planning involves: (1) identifying
public recreation demand along with the goals and program
responsibilities of Federal, State, local, and private recre-
ation and interest groups; (2) assessing the organizational
ability and financial resources of each agency for developing
and maintaining outdoor recreation resources; (3) assessing
the extent and quality or carrying capacity of available
sites for recreation activities and facilities; (4) developing
a plan or program for outdoor recreation which matches organi-
zational and financial resources with the problems of main-
taining and expanding recreation resources; (5) implementing
the program; and (6) assessing the results and improving on
this planning and implementation program. To improve the
quality of each of these steps in the planning process, the
Bureau of Outdoor Recreation is concerned with identifying
appropriate sources of data and helping to make them avail-
able to planners.
Department of the Interior, Bureau of Outdoor Recreation,
Bureau of Outdoor Recreation Manual Grants-in-Aid Series
Part 630 State Outdoor Recreation Plan^9/20/68 (Rel. No. 074)
Bureau of Outdoor Recreation.Washington, D.C., 1968.
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Types of Planning Agencies
Agencies engaged in outdoor recreation planning range
in their responsibilities for comprehensive planning from
those concerned with continuing statewide comprehensive out-
door recreation planning to those concerned with specialized
or tangential components of recreation plans, such as agencies
zoning flood plains or open space. A wide range of Federal
agencies including the Bureau of Outdoor Recreation have
specialized recreation planning interests and resource manage-
ment responsibilities. The most common State and local recrea-
tion planning bodies include State agencies, metropolitan area
and regional planning districts, local county and municipal
agencies, private corporations, and the consultants to these
public and private groups. The development and funding of
State and local nonprivate recreation planning involves a
series of successive plan and program reviews by higher levels
of government and final approval by the Bureau of Outdoor
Recreation. Development and funding of Federal recreation
programs normally requires Bureau approval and coordination
with state and local planning. Each agency and step in the
planning process requires different types and qualities of
data. Given this institutional structure, the Bureau of
Outdoor Recreation could easily encourage the use of improved
data sources such as remote sensing throughout the planning
process and monitor the results of improved planning at succes-
sive levels of review.
Planning Agency Activities
To support each step in the planning process, outdoor
recreation planning agencies engage in specific activities
requiring specific types of data. In varying degrees,
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agencies engage in the following activities: (1) developing
administrative programs and functional plans or alternative
options aimed at acquisition, development, and maintenance
of recreation resources; (2) preparing administrative and
capital budgets and budget defenses; (3) analysing or preparing
ordinances and other legislation; (4) coordinating programs
with other agencies through A-95 reviews and environmental
impact statements; (5) participating in public relations and
information programs; (6) acquiring, analyzing, and updating
data obtained from other agencies or through original
research; (7) providing data to local agencies and consultants
for local planning and review; (8) reviewing local agency
plans; (9) administering Federal funds used in State and local
recreation development; and (10) reacting rapidly to crises
affecting any of the above activities.
Planning Analyses
These activities in the planning process involve subjecting
data to various types of analyses using a combination of intui-
tive and statistical models. The most common types of analyses
in outdoor recreation planning are as follows:
Demand Analyses.- Although demands for recreation exper-
ience arise from individual and group physical and psychological
needs, there are no fully satisfactory methods of establishing
levels of recreation demand through direct measurement of these
needs. The most common types of demand analyses in outdoor
recreation planning measure (1) actual amounts of recreation
activity by the population according to individual and family
levels of income, physical abilities, skills, and available
time, (2) actual recreation related expenditures or costs
including travel, (3) levels of social pressure for recreation
through advertising and public information, and (4) stated
population desires for recreation experience as proxies or
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indicators of actual needs for recreation. Using such indica-
tors, participation ratios for each type of activity and social
group are estimated. Demand levels are then projected, most
frequently using intuitive experience or regression models.
Because quantities of existing recreation area and the acces-
sibility of population to these resources affect demand,
existing supply and accessibility measures are frequently
incorporated into the models projecting demand. However,
because these measures must also be analysed separately for
other types of planning, existing supply cind accessibility
analyses are considered under separate headings.
Potential Supply Analyses. - Every area possesses some
potential for outdoor recreation, if only in the form of a
view. Thus, in searching for potential recreation sites, the
planner may draw on any type of data describing an area.
Because all types of data and any type of analysis may affect
this evaluation, no specific consideration of techniques of
analyzing potential supply has been included in this study.
Existing Supply Analyses. - For inventorying, evaluating
facility deficits, budgeting, and many other planning purposes,
characteristics of the quantity and quality of existing rather
than potential recreation sites and facilities must be evaluated.
This evaluation most frequently focuses: (a) on the types of
land and water features, for example mountains or lakes already
developed for recreation; (b) on the relative uniqueness of
the site with respect to other developed rather than potential
sites, for example, the distance to similar developed sites and
to demand; (c) on the specific land use of the site, either
for multiple use or entirely for recreation use; and (d) on
users' perception of the site's physical, economic, and legal
characteristics, for example its beauty, expense, or the
legality of engaging in activitier? such as fishing or racing.
Accessibility Analyses. - Supporting analyses of demand or
existing supply, accessibility analyses are focused on the loca-
tion of an area relative to demand or to similar or competing
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resources. This type of analysis is mainly concerned with
characteristics of user travel over long distances to and from
a resource. The development of access routes and parking within
a recreation site is considered underdevelopment analyses. The
relative accessibility of an area is influenced by user travel
behavior, including the modes of travel used, the distance
traveled, and the time and cost of travel. Most accessibility
measures use direct travel distances or measures of relative
accessibility based on gravity type models. Such models assume
that a demanding population is less likely to use a resource
as the distance or travel costs to it increase. Analyses of
accessibility using this type of model are frequently employed
to predict resource usage or to estimate resource adequacy and
deficits within a given radius of demanding population.
Development Analyses. - Analyses of recreation resource
development normally relate to the physical, social, and
aesthetic benefits and costs of creating or improving a recre-
ation area. Development considerations affect both the site
and surrounding areas. The most frequent types of analyses
deal with developing access routes on the site or over short
distances to the site, structural costs and design, landscaping
and control of surface vegetation, air, water, and land flow,
the scheduling of usage to protect the facility or to enhance
usage and user enjoyment, and the cost of acquiring the site.
Maintenance Analyses. - Analyses of site maintenance most
frequently relate to stabilizing natural communities, keeping
facilities of all types in good repair, and scheduling usage
on the bases of day-to-day site conditions.
Emergency Analyses. - Emergencies affecting outdoor recre-
ation may be considered to include any condition in the operation
of the resource which affects personal safety and is not normally
anticipated and dealt with in development or maintenance sched-
uling. Specific safety hazards may arise from rapid physical
change (flash flood), biologic change (wounded animals), or
social changes (crimes or epidemic diseases). Dangers to the
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resource may develop from overuse by visitors or from land
use changes or diseased vegetation adjacent to the area.
Administrative Analyses.- Administrative analyses in
recreation planning focus primarily on an agency's own abilities
or on the ability of other agencies at any level of government
to develop and maintain recreation programs. Such analyses
may consider legal and budgetary constraints, political realities
including the ability of recreation interests to secure funding
and passage of enabling legislation for recreation programs,
and the organizational capabilities and efficiency of the recre-
ation agency office and field staff.
Change Analyses.- Analyses of amounts and rates of change
in physical and social processes must be performed as part of
each of the foregoing analyses and are reflected in the periodic
updating or revision of planning data. Techniques for analyzing
change are not considered separately in this study.
Describing Areas and Agencies
for Planning Analyses
In carrying out his activities, the outdoor recreation
planner deals with a full range of public and private decision
makers. Preparation, defense, and implementation of his plans
requires an extremely diverse set of data in terms of the
social and physical processes to be analyzed. Table 1 indicates
the types of data most often used or recommended for such
analyses. Because all types of data would be applicable to
potential supply and change analyses, these types of analyses
have not been identified separately in Table 1. Although
physical data items are spelled out in considerable detail,
this detail is not intended to suggest any proportionate
importance of these items in the planning process. These are
simply data assumed to be most easily identified and measured
using remote sensing techniques.
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TABLE 1. SUMMARY OF DATA USED IN
OUTDOOR RECREATION PLANNING
PLANNING DATA
I. Landscape Descriptors
A. Physical
1. Topography
a. slope
b. slope direction
c. elevation
d. prominent land form
2. Standing water
a. area
b. depth
c. shoreline length
d. wave climate
c. circulation pattern
f. ice cover
3. Water-solid state
a. glacial depth
b. glacial recession or advanc<
c. glacial movement
d. snow cover
4. Ground water
a. depth to water table
b. flow
c. storage
d. aquifer discharge
e. aquifer recharge
5. Flowing water
a. stream velocity
b. stream width
c. stream depth
d. ice cover
e. tides
f . bottom material
g. impediments to navigation
h. special water features
6. Fires
a. area burned
7. Geology anrl soils
a. soil typo
b. soil denth
c. subsurface material
d. subsurface structure
8. Atmospheric variables
a. insolation
b. cloud cover and height
c. cloud cover thickness
d. horizontal visibility
e. surface roughness
f. precipitation
g. humidity
h. high energy storms
i. regional winds
j . local winds
k. inversion
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TABLE 1 (Continued)
PLANNING DATA
B . Physical qual ity
1. Air and water quali'iy
a. air and water chemical
composition
b. ratio of organic to in-
organic material in water
c-. water turbidity
d. water siltation rates
2. Soils
a. chemical and physical
composition
3. Geoloqic substructure
a. chemical composition
4. Special quality features
a. presence of urban sewerage;
color of water, air, ice;
pollution in excess of
administrative standards
b. presence of noise
C. Biological
1. Vegetation
a. habitat type by soil
moisture class
b. perimeter measure,
vegetation
c. crown closure
d. vegetation height
e. physical quality
2. Animals
a. mammals
b. birds
c. fish
d. reptiles
e. insects
f. physical quality
D. Location relative to demand and
competing resources
1. Location of resource relative to
other resources
a. measured distance
b. gravity model estimate
2. Location of resource relative to
concentration of demand
a. measured distance
b. gravity model estimate
3. Traffic on transportation routes
4. User travel characteristics
a. user origin and destination
by resource
b. user mode of travel by
resource
c. user time to resource
d. user travel distance to
resource
e
- user costs to resource
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TABLE 1 (Continued)
PLANNING DATA
E. Land use measures
1. Agricultural
2. Water and wetlands, non-agricul-
tural
3. Mining
4. Cleared land
5. Waste, unutilized and
conservation land
6. Transportation
7. Residential
8. Commercial
9. industrial
10. Institutional
11. Recreation
F. Special characteristics
1. Recreation oriented descriotors
a. special regional landscape
descriptors
b. specific regional landscape
names
c. specific natural or
historical sites
d. specific public and private
recreation facilities
e. specific public and private
recreation facility ownership
f. special political or social
characteristics
2. Development constraints
a. land value
b. taxing jurisdiction
c. tax rates
d. ownership
e. special land management
controls
f. land use, construction,
health, and safety controls
3. Benefits and costs to site and
surrounding area
a. retail sales
b. site and surrounding area
costs and returns from
development of recreation
area
4. Direct development and operating
costs and fees
a. facility construction costs
b. access construction cos*:s
c. annual maintenance costs
d. cost of site closure
e. fees collected
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TABLE 1 (Continued)
PLANNING DATA
II. Recreation Usage Descriptors
Participation in Recreation
Opportunities -
A. Usage of resources by type of
facility and activities
B. Membership in recreation
organizations
III. Demand Descriptors
A. Population characteristics by
place o? residence
1. Total population
a. urban densities
b. rural densities
2. Families
a. households
b. age structure
c. education
d. occupation
e. income
f. ethnic background
g. disposable income for
recreation
h. availability of recreation
time
i. vehicle ownership
3. Housing and community
a. space per household
b. value
c. ownership
d. length of residence
e. community social attributes:
crime, disease, accidents
B. Perception of recreation
opportunities
1. User stated perception of
availability and quality of
recreation oooortunities
2. User stated desires for
recreation opportunities
3. Availability of recreation in-
formation
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TABLE 1 (Continued)
PI ANN ING DATA
IV. Administrative Descriptors
A. Recreation agency capabilities
1. Legislation
2. Political
a. voting on recreation
legislation
b. coordination with other
agencies
3. Administration
a. organizational structure
b. programs
c. budgets
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The data listed in Table 1 are used to describe specific
areas or specific agencies. Literature related to outdoor
recreation indicates that to undertake a full range of planning
and management activities for any area or site, planners need
the following types of data or descriptors:
I. Landscape or Resource Descriptors
A. The extent of geologic, hydrologic, atmospheric,
and topographic characteristics in the area
B. Chemical and physical qualities of the area
C. The extent and qualities of area vegetation and
animal life
D. Location of the area relative to demand and other
recreation sites
E. The types of economic or social activities for
which the area is used
F. Special characteristics and constraints affecting
recreation usage of the area such as land value,
zoning, construction costs, past voting behavior,
or historical considerations
II. Recreation Usage Descriptors
A. Specific recreation usage of the area
B. Recreation expenditures or organization membership
in an area
III. Demand Descriptors
A. Area population characteristics
B. Area income characteristics
C. Area work patterns, leisure time, and attitudes
toward recreation.
Recreation planners also need a set of data or descriptors
of the administrative and political behavior of their own and
of other agencies which affect their planning. These descrip-
tors deal mainly with agency rather than area characteristics:
IV. Administrative Descriptors
A. Enabling legislation affecting recreation
B. Political climate for recreation support
C. Administrative capabilities of reaction agencies.
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No planner has available all the types of data outlined
in Table 1, nor does he consciously or continuously take them
all into account. Although he may need each for the different
types of analyses he must perform in a day, at any given time
the planner is likely to be most concerned with one type of
analysis and thus with the data most useful in that analysis.
For specific planning situations, comparing the list of
data recommended for analyses in Table 1 with data actually
available can indicate the degree to which planning analyses
could be strengthened if data and analytic techniques were
available.
From Table 1, it is clear that demand analyses depend
mainly on population and economic data. Analyses related to
existing supply, accessibility, development, maintenance, and
emergencies rely most heavily on the types of physical data
listed under the category of Landscape Descriptors. Administra-
tive analyses depend mainly on economic and legal information.
Data Characteristics
Problems, types of analyses, and data needed in outdoor
recreation planning differ greatly between areas, between
levels of government, and through time. In determining what
data are needed for planning analyses, the most important data
characteristics are:
(1) The levels of accuracy or classes of measurement
(2) The units of measurement — area, length, height
or depth, and rate or time period
(3) The frequency of updating or correcting measurements
because of physical or social change
(4) The source of the data item
(5) The format for recording and presenting data.
Appendix I details the types of outdoor recreation planning
data outlined in Table 1, indicating the accuracy, units of
-19-
measure, sources, and updated characteristics recommended in
the literature. In addition, this appendix also details many
of the types of analyses in which these data could be used.
Planning Activities and Frequency of Data Usage
The planner regularly faces a demand for outdoor recreation
experience greatly in excess of available recreation resources.
Given generally limited funds for developing large amounts of
new recreation space, the planner seldom engages in the search
for alternative sites within a region. Such activities are
usually associated with budgeting or the revision of long-
term plans. The planner is most often concerned with planning
activities focused at a project level dealing with site planning,
site development, and frequently site management to improve
the use of developed resource or to develop potential resources
which have long been identified.
Planning Activities and Data Accuracy Requirements
For plan revision and the search for alternative recreation
resources focused on a large area or regional levels, planners
can frequently make use of data with greater degrees of gene-
rality. For example, knowing the area of forest land in each
of a group of counties may provide sufficient information for
recommending priorities for acquiring and preserving forests
in each county. Alternatively, to develop a specific project
plan and budget, the planner may require highly detailed data
on the acreage and maturity of different forest species in the
project area. Most often such detail is necessary to design
facilities, such as roads or structures, to meet local code
requirements or to meet the data requirement of benefit-cost
analyses or budget justification.
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Sources of Data and Dependence on Other Agencies
Each of the data items is available or can be derived in
varying degrees of accuracy and usefulness from one or more
existing sources. The second column of Appendix I lists these
sources ranging from Federal to local agency and private data
collection efforts. These sources, summarized in Table 2,
clearly indicate the planner's dependence on Federal agencies
and local sources for specific types of data. As might be
expected, most physical data are provided by agencies of the
Departments of the Interior and Agriculture, the Department
of Commerce, National Oceanic and Atmospheric Administration,
the U.S. Army Corps of Engineers, the Environmental Protection
Agency, and by local agencies. The Department of Commerce,
Bureau of the Census, the Department of Housing and Urban
Development, and the Department of Health, Education and
Welfare provide extensive data on land use and population charac-
teristics. Most travel data are provided by local highway
departments, private tourist and travel agencies, and local
agency surveys. Specific demand, user, special characteris-
tics, facility inventory, and administrative data are provided
in detail by local agency censuses and surveys and by trade
associations. The data are all subject to the quality, timing,
scale, and accuracy problems indicated earlier.
Update Schedules
All of the physical and social data concerning areas or
programs affecting recreation planning undergo periodic or
random change. For example, mean monthly water levels, housing
densities in an area, or the political support for recreation
planning may change over a few months or years. The third
column in Appendix I indicates the most common frequency at
which the accuracy of data values used by recreation planners
should be checked. Table 2 summarizes these schedules. Many
schedules are keyed to slow, long term change in physical
-21-
TABLE 2
SUMMARY OF CURRENT SOURCES AND UPDATE SCHEDULES FOR OUTDOOR RF.CREAT10N PLANNING
I. Number of Data Items
II. Current Primary
wide and Regional
Coverage
All Federal Agencies
Dept. of Interior
Dept. of Agriculture
Dept. of Commerce
Environmental
Protection Agency
Dept. of Defense
Dept. of
Transportation
Dept. of Housing t
Urban Development
Dept. of Health,
Education t Welfare
Other Federal
Agencies
Private Recreation
and Trade Agencies
State — Regional —
Local Agencies
III. Update Schedules
Kith Change
Sea sona 1
Annual
1-3 Year*
3-5 Years
PRINCIPAL TYPFS OF PLANNING DATA
Landscape Ct
Physical
Extent
43
42
29
10
25
7
13
1
4
29
12
30
Physical
Quality
9
9
3
3
1
e
l
i
9
3
6
Biolo-
gical
11
11
11
11
11
2
9{U)
9(R)
Relative
Location
10
3
2
1
4
10
10
Land
Uses
46
44
6
12
30
4
1
7
2
1
1
46
46 (U)
46(R)
Facilities,
Special
Features
106
100
91
86
3
1
2
2
90
106
5
13(U)
101
Usage
Usage
22
22
22
22
22
22
22
Member-
ship
1
-
1
1
1
Demand
Populn-
16
15
1
14
2
15
1
5
16
16
Percep-
3
3
3
3
3
3
3
Adir.ini-
qtrat we
Admini-
6
6
6
2
6
6
6
6
TOTM.
TOTAL
273
25!
232
149
73
14
20
5
2
32
3
9
127
259
20
2
34
69
215
(0) Urban Areas (R) Rural Areas
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conditions or the creation of new facilities, the With Change
category. Seasonal or shorter updates reflect the need to
monitor specialized, physical, or biological change. Many annual
update schedules are keyed to legal requirements, such as those
of the continuing statewide comprehensive plan, to insurance
coverage, or to budgeting and accounting. To monitor areas
in which social and physical processes are in rapid change,
such as those in or near urban areas, updates on a 1 to 3 year
basis are normally needed for complete inventories or for drawing
samples. In areas in which processes are experiencing slower
change, 3 to 5 year and longer update periods are normally
suitable for inventorying or sampling.
Formats
For each type of analytic purpose, the recreation planner
may acquire and use data in the form of maps, photos, or other
graphics, in the form of magnetic tapes and cards, and in the
form of tables and text. Except for magnetic tape and cards,
these same formats are used for purposes of plan and program
presentation. Because of the wide range of formats in which
any type of data may be acquired and presented, no separate
format analysis is indicated in Appendix I or Table 2.
Priorities for Data Acquisition
and the Need for New Sources of Data
In the course of their activities, planning agencies
normally do not use all of the types of data called for above
at the same time or for the same area, except to update or
revise comprehensive outdoor recreation plans. Given their
limited resources, agencies most frequently concentrate their
data gathering efforts on problem or opportunity areas and
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let data on other areas or conditions go uncollected. Thus,
when crisis situations occur, necessary data may not be availa-
ble preventing agencies from responding as effectively as they
would like. Limited resources may also preclude extensive
analysis of data already gathered, resulting in intuitive
reactions rather than statistically sound documentation in
crisis situations.
The planner needs a source of frequently updated data
covering large areas. He should be able to consult such sources
at any time to quickly and easily extract data for statistical
or graphic analyses suited to his numerous activities and
problems. Such sources are especially needed for the large
number of planning data now provided in varying quality and
frequency by local sources. If such sources were available,
planners could concentrate their current data gathering resources
on improving data analyses or could direct these resources
toward other critical aspects of planning such as preparing
alternative plans or encouraging plan adoption.
Improving Data Collection and Analytic
Procedures Using Remote Sensing as a
Data Source
Most planning agencies assemble a data bank or file of
descriptors related to appropriate areas or sites within the
planner's jurisdiction. This file is compiled from available
sources and is frequently maintained by annotating and updating
characteristics on U.S. Geological Survey topographic sheets.
Special descriptors of an area, such as historical sites or
ownership characteristics, along with water or air quality and
soil characteristics may be plotted over the slope and other
basic data of the topographic sheet. A similar file of admini-
strative descriptors is normally maintained or could be developed.
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Remote sensing offers many advantages as a source of
planning data. Specific imagery can cover large areas, can
be frequently revised, can divulge information on many processes,
and can be rapidly reworked into other scales and formats. A
single image of sufficient resolution can act as a file of area
descriptors similar to the files now commonly used by planners
developed over a topographic sheet base. In one image the
planner may identify a mountain as well as detail on the slope,
direction, elevation, and other data of use in analyzing charac-
teristics of a mountain recreation resource. In addition,
because many types of remote sensors provide data in a form
directly usable in a computer, and because many other types of
data from imagery can be digitized, remote sensing is highly
suited to the creation and maintenance of detailed computerized
data files.
Chapter III deals with the ability of remote sensing and
image interpretation techniques to provide the wide range of
data outlined in Table 1 and Appendix I. Chapter IV examines
advantages and problems in the use of remote sensing data.
CHAPTER III
APPLICATIONS OF REMOTE SENSING
TECHNOLOGY TO OUTDOOR RECREATION
PLANNING DATA
Introduction
Uses, types, characteristics, and sources of data for
outdoor recreation planning are discussed in Chapter II. This
chapter analyzes the capabilities of twelve remote sensors to
provide an alternative source for recreation planning data
where current sources are not adequate. Chapter IV discusses
advantages and problems of using remote sensing technology in
planning and indicates characteristics and sources of available
imagery.
Remote Sensing Technology
Information about a characteristic or process which is
obtained without actually making physical contact is broadly
termed remote sensing based information. This study focuses
on electromagnetic remote sensors carried in aircraft and
satellites. Electromagnetic radiation is either reflected or
emitted by particles and larger objects on the surface of the
earth, in water, or in the atmosphere. The radiation
wavelengths sensed range normally from untraviolet through
visible light to infrared and high frequency microwave. Each
wavelength can be used to detect and measure the extent,
intensity, and change in specific physical or social charac-
teristics and processes occurring on, over, or beneath an area.
Remote sensing technology has concentrated on developing sensors
for receiving desired wavelengths and on devising interpretation
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procedures to extract information from photographic or electron-
ically recorded images.
Devices which only receive and record reflected light
or other radiation are considered passive. Most of the sensors
available, such as films, are of this type. A small number
of sensors, such as radar, may be considered active. These
sensors send out a beam of radiation which is bounced off the
earth's surface., water, or atmosphere. When the beam returns
to the sensor, information on surface qualities are recorded.
Chapter VI presents a selected bibliography designed to
rapidly acquaint outdoor recreation planners with the physics
and optics of electromagnetic radiation and with the current
state of development of remote sensor technology and techniques
for interpreting remote sensing based imagery.
of Remote Sensing Information
The accuracy with which earth characteristics and processes
can be recorded, retrieved, and provided to the planner depends
on many conditions. Altitude or remoteness above the ground
clearly affects resolution or the ability of a sensor to distin-
guish between objects, textures, color tones, or other charac-
teristics. For example, a film camera 100 feet above the ground
may be able to distinguish individual trees, while the same
sensor at satellite altitude may only be able to distinguish
between entire forests and cleared fields appearing as different
toned areas on the film. Many problems of detail associated
with altitude can be overcome by using higher quality lenses
and scanning devices. Detail is also affected by the size of the
film grains, the quality of color dyes, the density of electronic
scan lines, the quality of tape or recording devices, and the
film or tape processing techniques used. Besides limitations
inherent in the sensors, factors such as clouds, air pollution,
suspended sediment in water, and vegetation, all tend to place
restrictions on the detail one can expect from any given sensor.
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Image Interpretation Procedures
No matter what detail or resolution is achieved in remote
sensing imagery, the quality of information extracted from
an image is highly dependent on the techniques of inter-
pretation. To identify and measure an object or process on
the surface of the earth requires photogranunetric skills.
The photo interpreter can use various enhancement techniques
to improve or speed up his ability to identify and measure.
He can optically or electronically enlarge or reduce the photo
or image. He can print or display only one or a selected
number of wavelengths. For instance, to identify and measure
water area, he may print only blue, blue-green, or yellow-brown
areas of a photograph (Figure f. P-2$).
He may also use two or more types of imagery or wavelength
information. For example, to measure the extent of an oil
slick as water temperature changes an interpreter might want
to use both thermal infrared and ultraviolet sensors (Figure y.
p.4Ti). Alternatively, if the interpreter wanted to measure
the extent of a swamp, he could get vegetation information
from black-and-white, color, or color infrared images, but
because the vegetation normally covers the water, he should
use thermal infrared imagery which senses water areas more
effectively to determine the extent of wet land in the swamp.
The photo interpreter can also digitize or convert infor-
mation from a photograph to computer readable statistics or
use television or other electronic signals magnetically
recorded and a computer to analyze characteristics of an
area statistically. For example, with digitized land use
data one could rapidly compute the ratio of developed park
and open space to total built-up space of a central city.
Currently this digitizing can best be accomplished manually
using common photo interpretation skills. Results of experi-
ments using electronic digitizing of photographs or magnetically
recorded signals indicate that fully automatic extraction
of a wide range of data is not expected to be generally
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available in the next two to three years. However, it is
currently possible to distinguish between vegetation and
bare ground, between snow and bare surface, and certain
linear and other cultural features such as roads and cities.
When generally available, automatic interpretation
techniques should include the following:
1) False-color enhancement - assigning a visible color
to invisible wavelengths of radiation or to low
contrast shades of a color in order to facilitate
analysis. Figure 4, p. 34, lower strip, provides an
example of this technique applied to infrared radiation
and to the slight variations of intensity that exist
in the non-enhanced imagery.
2) Spectral discrimination - isolating a selected
band or bands of radiation. For example, using
the known spectral signature for water, one should
be able to obtain a map of the surface hydrology
of an area (Figure 1. p. 29).
3) Density slicing - distinguishing small variations
in the intensity of radiation. This technique is
most often used with false-color enhancement to
increase the visible contrast of small differences
in levels of intensity (Figure 1. p.29 and Figure 4.
p.34).
4) Automatic pattern recognition - automated process
of surveying a photograph or image and isolating
objects of specific size or shape. Many natural
features and man-made structures have shapes that
sharply contrast with surrounding features. Thus
it may be possible to automatically generate maps
from aerial imagery. To date unclassified experi-
ments have not developed this technique to a level
useful in recreation planning.
At present, the most effective and generally available
approach to speeding up interpretation is through man-machine
interaction, using any of the appropriate enhancement techniques
outlined above. By using photogrammetric plotters with
Figure 1. CAPTION -- Assuming that a color or combination
of colors can define a land use or type of structure, data
can be automatically extracted from a photograph using
spectral discrimination and density slicing. This technique
can be useful in large scale surveys of land use and vegeta-
tion. (Image courtesy of the Department of the Interior,
EROS Program)
Figure 1. Automated Data Extraction Using Spectral
Discrimination and Density Slicing (See caption p. 28
- "30-
Figure 2. Black-and-white High Altitude Photography
(See caption p.31)
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stereoscopic capabilities, a man can rapidly digitize or record
the elevations and locations of items he wishes to identify and
measure. Such plotters are available in most State highway
departments and in many Federal agencies, including: the
Department of the Interior, Geological Survey; the Department
of Agriculture, Forest Service, and Soil Conservation Service:
the Department of Defense Army Mapping Service; and through
various private engineering firms and universities.
Common Remote Sensors
Characteristics of the electromagnetic sensors commonly
carried in aircraft or satellite sensor packages are discussed
below. The wavelengths or spectral range sensed, the format
of imagery produced, and the general processes or characteristics
which can be detected under optimal conditions of lighting
and air quality are indicated for each type of sensor.
1. Black-and-White (Figure 2. p.30)
Spectral Range: Visisble (.4 to .7 micrometers)
Format: Film
Sometimes referred to as panchromatic photography,
black-and-white photography is the most widely
used remote sensor because of its relatively low
cost. It is used primarily for obtaining relative
locations, as well as areal and lineal measurements.
Because it has been in use for a considerable period,
interpretive techniques are well developed and formal
training is readily available.
Figure 2. CAPTION — This high altitude black-and-white imagery
provides an example of the use of such imagery for assessing
physical change. Such analysis is important in evaluating
the carrying capacity and stability of any recreation resource.
(Image courtesy of the Department of the Interior, EROS
Program)
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2. Color (Figure 3. p.33, left image)
Spectral Range: Visible (.4 to .7 micrometers)
Format: Film
In the range of wavelengths to which it is sensitive,
color photography is little different from black-and-
white photography. It is used where color is impor-
tant in identifying an object, for example, different
maturities of crops in adjacent fields.
3. Color Infrared (Figure 3. p.33, right image)
Spectral Range: Visible plus near infrared (.4 to
1.0 micrometers)
Format: Film
This film records the near infrared as visible red.
Consequently reds are recorded as greens, greens
are recorded as blues, and blues are recorded as
very dark blues. This film is excellent for deter-
mining the health and vigor of vegetation and for
easier discernment of clean water bodies since they
are recorded as being almost black. Figure 2, p.28
presents a comparison between color and color infra-
red imagery of the same area.
4. Infrared Spectrometer/Radiometer (Figure 4, p.34,
center chart)
A. Radiometer
Spectral Range: (.7 to 25 micrometers - most
often operated at 10-12 micrometers)
Format: Radiation temperature plotted against
time (or distance) on magnetic record or film
Because the atmosphere is quite transparent to
radiation between 10 micrometers and 12 micro-
meters, the radiation sensed by the radiometer
comes almost entirely from the earth's surface.
When used with the infrared spectrometer, this
set of remote sensors can detect any overall
changes in the level of radiation being received
from the earth. The infrared radiometer is best
used in determining surface and cloud tempera-
tures and atmospheric absorption.
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Figure 3. Comparison of Color and Color Infrared Imagery
This high altitude imagery of a portion of the
island of Jamaica provides a comparison of color
(right plate) and color IR imagery (right photo).
Color can be used to rapidly identify land uses
such as crops or the urban activities seen in the
lower right hand corner of the left plate. Color
infrared is often useful in detecting the health
or a stage in growth of crops or natural vegetation.
For example, apparently similar fields seen in the
color photo appear quite different in the color
IR photo. Such analysis of vegetation health and
typing can be important to analyzing changes and
carrying capacities of a recreation resource.
(Image courtesy of the Natural Aeronautics and
Space Administration)
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THERMAL DISCHARGE IN THE CONNECTICUT RIVER
INFRARED
IMAGERY
RADIOMETER
STRIP
CHART
COLOR ENHANCED
IMAGERY
USGS/NASA/AECHRB-SINGER, INC.
Figure 4. Images from Infrared Imagery, Radiometer, and
Color Enhancement
This example of IR imagery, IR radiometer output,
and color enhancement indicates how the radiometer
strip chart must be used with a photograph or image
of the area being analyzed to relate its point
information to specific area conditions. In addi-
tion, although the color enhanced image in this
example may be more attractive and suggest more
distinct boundaries between areas of different
water temperature, considerable care must be
exercised in interpreting the actual amount of
heat difference between the red, yellow and blue
areas. Information on colors assigned to specific
temperatures must be available for effective in
interpretation. Without such information all that
can be said is a large portion of the image is in
red or yellow, indicating relatively high tempera-
tures in this reach of river. (Imagery courtesy
of the Department of the Interior, EROS Program)
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Figure 5. Microwave-Radiometer Imagery
This type of imagery yields point-by-
point temperature data but provides
little areal detail. To be used
most effective a color or black-and-
white photograph is needed to relate
these general surface patterns to
more readily identifyable areas.
For recreation planning such infor-
mation would be useful in considering
the location of large camping areas
or the routing of roads through
areas of higher winter temperatures.
(Image courtesy of the Department
of the Interior, EROS Program)
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Figure 6. Passive Microwave Imagery
Passive microwave can detect snow
on the ground day or night and
through any cloud cover. Because
of frequent cloud cover during
the snow accumulation season,
other sensors are of little use
in measuring snow for use in pre-
dicting runoff or game management.
As with microwave-radiometer
imagery, the use of photography
with passive microwave imagery
is extremely useful for interpre-
tation. (Image courtesy of the
Department of the Interior, EROS
Program)
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B. Spectrometer
Spectral Range: (6.5 to 13 micrometers)
Format: Wavelength plotted against amount of
radiation on magnetic tape
The infrared spectrometer is a multichannel
radiometer. It automatically scans with the
use of a filterwheel the 6.5 micrometer to 13.3
micrometer wavelength range, interpreting the
amount of incoming radiation as a function of
surface spectral features, distribution of
atmospheric water vapor, and the atmospheric
light absorption spectrum.
5. Infrared Imager (Figure 4. p.34, upper strip)
Spectral Range: (13.0 to 14.0 micrometers)
Format: Film
In contrast to the format of the infrared spectro-
meter and radiometer, this sensor directly creates
an image of the spatial distribution of infrared
radiation. It can be used to detect high thermal
resolution or high spatial resolution. Its primary
uses are in examining agricultural crop variations,
terrain composition, plant vigor and health, and
surface temperatures.
6. Microwave-Radiometer (Figure 5. p.35)
Spectral Range: (1.0 to 300 micrometers) (fixed
at some frequency or series of discrete frequencies)
Format: Antenna temperature in degrees Kelvin vs.
distance recorded on magnetic tape or film
This sensor measures thermal emission within the
lower part of the spectral range and can distinguish
between objects of differing internal structure
better than the IR radiometer which measures only
surface temperature. The microwave-radiometer is
most useful for distinguishing salt water from fresh,
sea ice depths, upwelling, pollution, and many other
physical quality measures.
7. Microwave Imager (Figure 6. p.36)
Spectral Range: (8.9 to 9.9 gigahertz)
Format: Film
The primary differences between the microwave imager
and the microwave radiometer are in format. This
sensor records the spatial distribution of microwave
radiation reflected or emitted by the earth's surface,
Spatial resolution is less than for the infrared
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systems but the advantage of this sensor is that the
radiance it records is directly proportional to the
temperature of the object.
8. Multiband Scanner (Figure 7. p.39)
Spectral Range: (.003-300 micrometers)
Format: Digital, on magnetic record or film
As its name implies, this sensor scans the area of
investigation at any specified number of wavelength
bands. Thus it can accomplish any of the sensing
tasks of previously mentioned sensors. Most current
scanners record passive radiation. Because it
offers the possibility of combining the capabilities
of the many sensors now used into one system, much
research is concentrated on the further development
type of sensor.
9. Microwave Scatterometer
Spectral Range: (1.0 - 100 micrometers) often
operated at 13.3 gigahertz
Format: Incidence angle vs. backscattering cross-
section recorded on magnetic record or film
The microwave scatterometer is an active remote sensor
similar to imaging radar. Instead of an areal distri-
bution of surface roughness (for example sea waves
or topographical features), it senses a linear hori-
zontal profile and is used if great vertical roughness
detail is needed. Examples of the use of this sensor
are illustrated in NASA Earth Resources Program Status
Review Vol.III. Houston, Tex.: NASA, Manned Spacecraft
Center, Sept. 1968.
figure 7. CAPTION — This example illustrates the use of tele-
vision cameras to record specific wave lengths reflected by
an area and the ability to use each wavelength for spectral
discrimination or to combine these wavelengths into composite
images. Use of electrically recorded imagery and computers
should allow recreation planners to rapidly extract and analyze
a wide range of data for specific areas. (Image courtesy of
the Department of the Interior, EROS Program)
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Figure 7. Multiband Scanner Imagery (see Figure 7, Caption p.38)
Figure 8. Side Looking Radar Imagery (see Figure 8, Caption p.41)
-41-
10. Side Looking Airborne Radar (SLAR) (Figure 8. p.40)
Spectral Range: approximately 10.0 gigahertz
Format: Film
This remote sensor differs from the microwave imager
because it is "active" rather than "passive." It
can operate in any weather by sending out a signal
and measuring the returned reflected signal. SLAR
can penetrate foliage and accentuate topographic
features. It is most useful for analysis of terrain,
sea roughness, and for ground water exploration.
11. Laser Altimeter
Spectral Range: Visible (.4 to .7 micrometers)
Format: Height vs. horizontal distance recorded
on magnetic record or film
This active remote sensor transmits a very concen-
trated beam of coherent light, receives the reflected
signal, and calculates the distance from the trans-
mitter to the point of reflection. It is sensitive
to atmospheric conditions and is most useful for
topographic mapping. Examples of the use of this
sensor are discussed in NASA Earth Resources
Program Status Review Vol. II. Houston, Tex.:
NASA, Manned Spacecraft Center, Sept. 1968.
Figure 8. CAPTION — Although great care must be used when
interpreting radar imagery because it can "see through"
vegetation and provide greater detail on topographic
features, radar imagery can be extremely useful in locating
and mapping geological structures that may have direct
impact on planning and construction in a recreation area
and on the layout of transportation and other facilities.
(Image courtesy of the Department of the Interior, EROS
Program)
MONITORING OIL SLICKS
3 BANDS OF INFORMATION PROVIDE...
SOURCE OF OIL (THERMAL IR)
DISTRIBUTION OFOIL(UV)
IDENTIFICATION OF KELP (SOLAR IR)
(Ol. OTHER VEGETATION)
THERMAL INFRARED
ULTRAVIOLET
Oil disappears as temperature
reaches equilibrium with water
Oil slick
SOLAR INFRARED
PREPARED BY THE U.S.GEOLOGICAL SURVEY IN COOPERATION
WITH THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION.
IMAGERY BY THE UNIVERSITY OF MICHIGAN, UNDER CONTRACT
TO THE FEDERAL WATER POLLUTION CONTROL ADMINISTRATION.
Shoreline
EROS Program
Figure 9. Thermal Infrared, Ultraviolet, and Solar Infrared Imagery
(see Figure 9, Caption p.43)
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12. Ultraviolet (Figure 9. p.42, middle image)
Spectral Range: (.003 - .37 micrometers)
Format: Film
The atmosphere absorbs most of the ultraviolet
radiation directed toward the earth. In addition,
the materials used in making camera lenses do not
readily transmit radiation in the ultraviolet band,
In spite of these limitations, remote sensing in
this part of the spectrum is most often useful in
obtaining information on the chemical composition
of natural materials such as rocks, soils, water,
or snow.
Analysis of Remote Sensor Capabilities
for Providing Outdoor Recreation
Planning Data
Chapter II and Appendix I identify the range of data recom-
mended for outdoor recreation planning. Data items presumed
to be capable of identification and measurement using remote
sensors are presented in greatest detail. Table 3 at the end
of this chapter indicates the ability of each of the twelve
common types of sensors discussed earlier to actually provide
a source for the 273 data items detailed in Appendix I.
Assumptions
This analysis assumes that reasonably good conditions
exist when sensors are operated and adequate equipment and
skills are used in the interpretation of imagery acquired.
Thus, cloudy days, low sun angle, and other problems inherent
Figure 9. CAPTION — Although ultraviolet photography has few
uses in recreation planning, it can be extremely important
in identifying and predicting the movement of oil slicks which
may affect marine life and specific coastline recreation facili-
ties. (Image courtesy of the Department of the Interior^ EROS
Program)
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in the use of remote sensing are ignored in this analysis.
Because the various enhancement and interpretation techniques
can be applied to each sensor, specific enhancement tech-
niques are not indicated in Table 3. In addition, because
satellites can carry any of these sensors, no special satel-
lite column has been included in the table. Given constantly
changing weather conditions and seasonal, monthly, weekly,
daily, hourly, or shorter changes in specific processes, it
is generally up to the remote sensing engineer to decide
which is the appropriate sensor to use for any given weather
and time condition to best record a process. Similarly, it
is generally up to the skilled photo interpreter to decide
what enhancement techniques and specific imagery are needed
to interpret and measure the process, given the range of
imagery available to him.
Because of the planner's frequent need for detailed infor-
mation on a wide range of physical, land use, and facility charac-
teristics, this analysis of sensor capabilities emphasizes appli-
cations of the types of resolutions which are known to be available
from high and low altitude aircraft programs. Due to design charac-
teristics, early satellite imagery will not provide these same
levels of resolution, thus application will be reduced. The actual
usability of early satellite imagery can be determined only with
the completion of ERTS satellite and Sky Lab experiments. As
these experiments continue, it is expected that the resolutions
of satellite imagery will increase and that the aircraft programs
of NASA, the Department of Agriculture, and the Department of the
Interior, along with the aircraft programs of various State agencies
and private contractors will continue to provide the types of high
resolution imagery of greatest use to these agencies and to the
recreation planner.
Reflecting the planner's frequent need for detail as well as
large areal coverage, in the analysis of Table 3 it is assumed that
all sensors are flown at 10,000 feet altitude. At this altitude
each sensor is capable of providing the following resolution or
detail.
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Type of Sensor Resolutions
possible from
10,000 feet altitude
a. Black-and-white
b. Color
c. Color Infrared (IR)
d. Laser
e. IR Radiometer/Spectrometer
f. IR Imager
g. Microwave-Radiometer
h. Microwave-Imager
i. Ultraviolet
j. Multi-band
k. Microwave Scatterometer
1. Radar (SLAR)
1"
1"
1"
10' horizontal, 1" vertical
60" 1° Kelvin Temperature
25'
1000'
1000'
1'
1"
500'
50'
1 Kelvin Temperature
Because resolutions can be altered by lens and focal length
changes, it is assumed that using these sensors at any lower
altitude would maintain or improve the resolutions indicated.
Using each of them at higher altitudes would reduce resolu-
tion in varying degrees.
Coding Symbols for Table 3
Based on these assumptions, the ability of each sensor
to identify and measure each data item in Table 2 has been
rated according to the following scale:
D - The data item can be directly sensed. For example,
an airport can be directly identified and its areal
dimensions measured with high resolution imagery.
P - Perhaps the data item can be directly sensed in
certain cases, but ground truth is usually necessary.
For example, a building viewed from above may appear
to be a home but could also be a general store or a
restaurant. To determine the building's use, other
items in the image such as a boat in the yard, wash on
the line, or the absense of a parking lot or business
sign may provide clues and may negate the need for ground
truth.
0 - The data item can be conclusively identified or
measured only with the assistance of ground truth.
For example, acreage suitable for a wildlife preserve
can be seen with remote sensing, but it would be impos-
sible to identify whether it was owned and used without
some ground truth.
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TABLE 3. ANALYSIS OF REMOTE SENSOR CAPABILITIES
TO PROVIDE DATA NEEDED IN OUTDOOR
RECREATION PLANNING
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CHAPTER IV
USAGE CONSIDERATIONS AND SOURCES OF REMOTE SENSING
IMAGERY FOR OUTDOOR RECREATION PLANNING DATA
Introduction
The ability of remote sensors to provide data for outdoor
recreation planning was discussed in Chapter III. This chapter
outlines basic considerations of incorporating remote sensing
technology into the outdoor recreation planner's data collection
program. Applications of remote sensing to primary planning
activities are summarized, and the principal advantages and
disadvantages of using this technology are reviewed. The impact
of different sensors in data collection programs is suggested,
and the procedures for locating and acquiring imagery are indi-
cated. Finally, because many planning data now in use are
provided by the imagery interpretation programs of various
agencies, characteristics of data likely to be provided by new
interpretation programs under developemnt are discussed.
Chapter V provides examples of the use of remote sensing as
a data source for common planning activities.
Remote Sensing Applications in
Outdoor Recreation Planning
On the basis of the discussion in Chapters II and III, it
is clear that remote sensing technology will have extensive
application in specific activities of the outdoor recreation
planning process.
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Planning Activities
1. Identification of public recreation demand along with
the goals and program responsibilities of Federal,
State, local, and private recreation and interest
groups;
Remote Sensor Applications. Direct application of
high resolution imagery, including black-and-white,
color, and color infrared to identify and measure
resource usage, access routes, and housing or other
physical indicators of socio-economic characteristics
of demand concentrations.
2. Assessing the organizational ability and financial
resources of each agency for developing and maintain-
ing outdoor recreation resources;
Remote Sensor Applications. None. This activity is
based on data gathered from other sources.
3. Assessing the extent and quality or carrying capacity
of existing or potential resources for recreation
activities and facilities;
Remote Sensor Applications. Direct application of the
full range of sensors for measuring physical, biolo-
gical, and land use extent and quality characteristics,
4. Developing a plan or program for outdoor recreation
which matches organizational and financial resources
with the problems of maintaining and expanding recre-
ation resources;
Remote Sensor Applications. None. This activity is
based on data gathered in steps one and three.
5. Implementing the program;
Remote Sensor Applications. Direct applications of
the full range of sensors to provide data on physical,
biological, land use, and demand conditions for use
in public information and plan justification, site
selection, and site development and maintenance.
6. Assessing the results and improving on this planning
and implementation program;
Remote Sensor Applications. All of the above applica-
tions. This activity involves repeating and improving
on each of the above planning steps.
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Because comprehensive planning depends on each activity
in this planning process, no overall ranking of the importance
of these applications is possible. However, given the deadlines
of his particular work program and his needs for analysis, the
planner regularly ranks the importance of collecting specific
types of data within specific time periods. Because a wide
range of data can be interpreted from imagery either quickly or
over extended periods, expanding his data collection program
to incorporate remote sensing sources offers the planner or
administrator many advantages in meeting his short and long
range data needs.
Advantages and Disadvantages of Remote
Sensing as a Data Source
In requesting and incorporating remote sensing inputs into
his data collection system, the planner or administrator should
be fully aware of and able to explain the advantages and disad-
vantages of using remote sensing technology as a data source.
Although they are discussed elsewhere in this study, it will be
useful to summarize these considerations.
Advantages
First. - Photographs or images will be created using
cameras or other light or electromagnetic radiation sensing
devices at various altitudes ranging from a few hundred feet
to high altitude aircraft and satellites and orbital sky labs.
Each altitude will provide different opportunities to cover
larger or smaller areas of the earth in greater or lesser
detail or resolution. For example, imagery obtained from
higher altitudes can cover much larger areas of the earth's
surface. Data from imagery currently available is highly
useful for analysis of broad regional areas of 100 square
miles or greater. From a single high altitude image, it should
be possible to establish the total boating usage on all lakes
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in a county or region at a given time of the day or week. In
addition, combinations of the sensors described in Chapter III
can provide information on the simultaneous conditions of
different physical and social processes in the same area.
Second. - The range of remote sensing devices available
permits the user of remote sensing imagery to detect and meas-
ure not only conditions which he can see using visible light/
such as the existence of two lakes in an area, but also condi-
tions which he cannot see but which he can measure using other
wave lengths of the electromagnetic spectrum. For example,
he can measure the temperatures of each lake in the area as
recorded by infrared wave length imagers.
Third. - The single remote sensing image records many
types of information and is permanent, allowing the planner to
go back and reuse or reinterpret this data base as the need
arises.
Fourth. - Any area can be rephotographed or imaged as
frequently as necessary to detect change and to maintain a
source of data completely current for planning needs.
Fifth. - Remote sensors provide computer readable data,
or the information they contain can be digitized easily for
rapid analysis and graphic display using computers.
Disadvantages
By analyzing the size, shape, shadow, color or tone,
texture, location, and relative location of objects on the
earth's surface, of water or of the atmosphere, it is possible
for the user of remote sensing imagery to rapidly identify and
generate a wide range of data needed in outdoor recreation
planning. However, as indicated in Chapter III, there are
problems in the use of remote sensing technology.
First. - Weather, seasonal change, sun angle, and other
conditions can affect the quality of imagery and the ability
to remotely sense areas of interest to the planner.
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Second. - If the planner needs imagery which is not yet
available or has not been suitably updated, he may have to
contract to have the imagery acquired either through private
means or through various public programs. This type of acquisi-
tion program usually required considerable planning and lead
time.
Third. - Considerable training is required to become a
skilled remote sensing interpreter. Because criteria for
selecting and planning for a recreation site are seldom clearly
spelled out, much judgment is required in image interpretation,
limiting the amount of work a single interpreter can perform
in a given time period. Thus agencies may require additional
staff or may have to contract out for interpretation to take
advantage of the full range or specific types of sensor imagery,
Fourth. - Interpretation equipment ranging in expense from
hand lenses, light tables, and filing cabinets to planimetric
plotters, specialized scanners, and computer facilities may be
needed to take full advantage of available imagery. Again,
the planner must be able to relate his needs to the cost of
obtaining data using remote sensing techniques.
With his data needs identified and the advantages and
disadvantages of remote sensing technology as a data source
clearly in mind, the planner can use Table 3 in Chapter III and
Appendix I to determine which imagery could provide the data
he needs and how often such imagery should be updated. Where
it will be useful, the planner can seek sources of imagery and
interpretation capabilities, specify desired imagery update
schedules, and allocate his funds for data compilation.
-66-
Relating Sensor Capabilities to
Priorities in Data Collection Programs
In expanding his data collection program to use remote
sensors as sources, the planner will want to have regular access
to those types of imagery which with the least effort in inter-
pretation provide the widest range of data not currently availa-
ble or satisfactory for his needs. For types of analyses less
frequently undertaken or requiring sensors less readily available
or quite costly to use, the planner should be able to request
imagery as needed.
Table 4 summarizes the direct and indirect applications
of available remote sensors to the 273 data items identified in
Table 3, Chapter III. Because of the possibility of using more
than one sensor to identify and measure the same data item, and
because the majority of items detailed have known sensor appli-
cations, for this set of data, 1066 possible applications are
identified. In using Table 4, care must be exercised in inter-
preting the numbers of items sensed because of the large number
of physical and recreation facility items included in Table 3
and because of the fact that each data item ranging from the
number of waterfalls to the level of family income has been
weighted equally. Except for legal or other requirements that
must be counted, there is no effective way to rank the impor-
tance of each data item. As noted earlier, a wide range of
planning analysis information on physical extent, land use,
facility, and site usage characteristics is essential. In most
areas, these are the characteristics undergoing rapid change and
for which the planner frequently cannot obtain desired data.
The column totals of Table 4 indicate that remote sensors
can provide effective data sources for physical, land use, facility
and usage data with 208, 246, 397, and 88 applications respectively.
A second level of remote sensing capability is related to physi-
cal and biological qualities and to population density features.
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of 1:120,000 or 1:60,000 are frequently suited to providing data
for rapid analysis of recreation characteristics over large
regions. If areas of high interest or rapid change are identi-
fied in such a regional analysis, higher resolution imagery of
these areas should be requested for more detailed analyses.
The physical characteristics of imagery to be acquired
must also be considered. Transparancies may be easier to inter-
pret using simple lenses, light tables, and other tools available
in most planning offices. However, at a desk or without a light
table, hard copy photos are often more effective for quickly
illustrating a point or suggesting further lines of interpreta-
tion. As indicated in Chapter III, digitized imagery is
expected from satellites and a number of other sensing programs.
The planner or consultants can also digitize imagery with
equipment of varying sophistication and price. With computer
facilities these data can be statistically analyzed and auto-
matically tabled or mapped at various scales.
Another prime consideration in using remote sensing is
whether the cost of imagery files and interpretation equipment
and skills should be developed within the recreation planner's
agency or whether he can effectively share these costs with
other agencies or purchase the services he needs from consultants.
The various cost and time trade-offs involved in answering this
question also involve the problem of acquiring other data to
support imagery interpretation.
Coordinating Remote Sensing Inputs with
Other Inputs to Planning Data Collection Systems
Because many of these remote sensing applications require
other information to support identification and measurement
of planning data items and because imagery from time to time
may not be available on desired schedules or of desired quality,
the use of remote sensing imagery must be carefully coordinated
with the collection of other supporting or back up information in
the planner's data collection program. For example, few sensors
can be used to analyze recreation characteristics related to
-6f-
From the row totals of Table 4 it is clear that certain
sensors can gather wider ranges of recreation data more directly
than others. The black-and-white, color, and color infrared
films along with multiband scanners, which in many ways duplicate
the capabilities of films, are the sensors with which the largest
number of data items used in recreation planning (approximately
200 items) can be identified and measured. A second level of
application is clear for the IR Imager, the Microwave Imager,
and Radar. More specialized uses are indicated for other
sensors.
Considerations in Selecting Imagery
If he is faced with limited funds for incorporating remote
sensing into his data collection program, based on the analyses
of Tables 3 and 4, the planner would definitely want to develop
regular access to current imagery and interpretation using
black-and-white, color, and color infrared films and multiband
scanners. Currently, black-and-white films may be the cheapest
imagery to acquire. However, planners are frequently inter-
ested in a mix of water, vegetation, and land use features.
Because these features can be directly interpreted most easily
from color infrared or color imagery, the planner's cost
evaluation should take account of interpretation costs and
qualities. Regular acquisition of other sensor imagery with
more limited applications would likely need to be justified
for analyzing special local problems, such as keeping track of
thermal pollution, monitoring the extent of snow cover, or
analyzing unusual terrain conditions.
To insure that remote sensing sources are current, Table 3
and Appendix I provide the basis for recommending specific
imagery update schedules. For example, color infrared imagery
used to detect land use changes near metropolitan areas should
be updated on a 1 to 3 year schedule, while a 3 to 5 year
schedule is generally suitable for rural areas. In addition,
the scale of imagery acquired should be related to the measure-
ment detail or sampling framework needed by the planner. Scales
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physical quality, special features, demand, and usage charac-
teristics, and no remote sensors provide administrative data.
Given his generally limited data collection and analysis
budget in developing his total data collection program, the
planner will want to take advantage of those aspects of remote
sensing technology which afford him the cheapest and widest
range of information on his planning area, or which provide
the most detailed information on problems for which he cannot
obtain data from other sources. The information in Tables 3
and 4 and Appendix I provide the basis for making this type of
evaluation.
When initially proposing a data collection program incor-
porating the use of remote sensing, the planner or administrator
should also be clear that a major difference exists between
the effort of determining which specific types of imagery can
provide data sources and the effort required in actually
obtaining imagery, interpreting data from it regularly, taking
advantage of money and time savings or improved planning
decisions, and demonstrating these advantages to the planner's
funding agencies. Chapter V provides the planner with selected
examples of the effort involved and of the quality of data
which can be acquired through imagery interpretation. In
addition, each year the National Aeronautics and Space
Administration, the National Science Foundation, the EROS
Program of the Department of the Interior, and various univer-
sities conduct short courses and training programs in the use
of remote sensing techniques. Such training can help the
planner determine more effectively how the range of remote
sensory technology can support the needs of his particular
data collection program. The following discussion is intended
to alert the planner to sources of information on the availa-
bility and cost of imagery which he must have to effectively
design his data collection program.
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Sources of Remote Sensing Imagery
for Outdoor Recreation Planning
Given the planner's analysis of data needs and his decision
to use remote sensing as a source in his data collection program
to complete the planning and request support for this program,
the planner needs information on the availability and cost of
imagery and interpretation. The Department of the Interior,
Geological Survey, Map Information Office, Aerial Photography
Section, Washington, B.C. 20242, is responsible for monitoring
available aerial photography and other remote sensor coverage
of the United States. This agency maintains or can access
indexes of the imagery obtained and available to the public
through Federal agencies. These agencies include the Department
of the Interior, Department of Agriculture, National Aeronautics
and Space Administration, Department of Commerce, and Department
of Defense. In addition, a wide range of State and private
contractors inform the Aerial Photography Section of the areas
they sensed and of the types of imagery they have available.
To use this office most effectively the planner should request
information on the availability and price of specific imagery
for specific areas. The Aerial Photography Section will also
answer more general questions such as which areas of the United
States have been covered, what types of imagery are available,
what such imagery costs, and which State agencies or contractors
are able to provide additional coverage and imagery interpre-
tation or information. Actual imagery may be acquired from a
range of sources depending on the agency or private contractor to
which it belongs. The Aerial Photography Section can indicate
sources and many of the prices and conditions for acquiring imagery
The name of this office is to be changed in the spring of
1972 to National Cartographic Information Center, Aerial
Photography Section.
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A second set of inquiries concerning local coverage could be
directed to State highway departments, State, regional, and
local planning agencies, and to local offices of the Department
of Agriculture, Soil Conservation Service, Agricultural
Stabilization and Conservation Service, or the Forest Service.
Each of these local agencies and offices may provide leads
to additional coverage not reported to the Aerial Photography
Section.
When it becomes operational in 1972, the Department of
the Interior, EROS Program Data Center, at Sioux Falls,
South Dakota, will provide information on available NASA
Earth Resources Technology Satellite (ERTS) and high aircraft
coverage. Imagery and interpreted data will be available from
this center. These data can also be identified through the
Map Information Office, Aerial Photography Section.
For the next 2 to 5 years, black-and-white, color, color
infrared and thermal infrared imagery are expected to be most
readily available types of remote sensing imagery based on
continuing low and high altitude aircraft and ERTS-satellite
coverage. Black-and-white photography will likely continue
to be the least expensive. Resolutions or detail will most
likely be geared to the altitudes normally flown in existing
and anticipated remote sensing programs. The most common of
these will be:
1. Highway departments;
low altitude high resolution black-and-white photogra-
phy with scales of 1:200, 1:500, 1:1,000, and 1:1,500
most frequent.
2. USDA Agricultural Stabilization and Conservation
Service;
low altitude high resolution black-and-white photogra-
phy with scales of 1:20,000 and 1:40,000 most frequent.
3. USDA Soil Conservation Service Photography:
low altitude high resolution black-and-white photogra-
phy with scales of 1:2,000, 1:38,000, 1:48,000,
1:50,000, and 1:58,000 most frequent.
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4. USDA Forest Service;
low altitude high resolution black-and-white and
color photography with scales of 1:2,000, 1:15,840,
and 1:24,000 most frequent.
5. Department of the Interior Geologic Survey all
divisions;
low to high altitude high resolution multiple sensor
imagery in a wide range of scales with 1:24,000
quite frequent.
6. Department of Commerce, National Oceanographic and
Atmospheric Administration, National Ocean Survey
(formerly Coast and Geodetic Survey):
low to high altitude high resolution multi-sensor
imagery with scales of 1:10,000, 1:15,000, and
1:30,000 most frequent.
7. Department of Commerce, National Oceanographic and
Atmospheric Administration, NIMBUS and other satel-
lite programs;
high altitude low resolution multiple sensor imagery
with resolutions from approximately 2 to 3 miles.
8. NASA-Earth Observation Aircraft Program;
high altitude and satellite, high and lower resolution-
photography and other types of imagery with scales
of 1:60,000 and 1:120,000 most frequent.
9. NASA-ERTS-A Satellite System;
high altitude low resolution - green, red, and near
IF. color TV at 300-600 ft. resolution. Green, red,
near IR, and IR point scanner at 400 ft. resolution.
Images in individual or composite colors available
at scales of 1:250,000 and 1:1,000,000.
Imagery Interpretation Programs
As the range of imagery from these sources becomes widely
available, it would be convenient to have centralized interpre-
tation programs provide data such as land use or vegetation
change which recreation and other planners would regularly require
from remote sensing sources. If they could count on specific
maps and tables from such programs, planners could focus their
interpretation efforts on specialized problems related to local
planning needs. In planning the expansion of data collection
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programs to take advantage of remote sensing, the planner or
administrator should be aware of and be prepared to recommend
new data to be provided by centralized interpretation programs.
Many data planners' new uses are based on centralized
imagery interpretation programs in agencies responsible for provid-
ing these data. The majority of regular acquisition programs
identified in the previous section on imagery sources are used
in regular interpretation programs by the respective agencies.
For example, The National Oceanic and Atmospheric Administration's
(NOAA) satellite weather analyses and prediction programs depend
on national and worldwide interpretation programs. Data supplied
by the crop reporting, land use, forestry, and other biologic
analysis programs of the Departments of Agriculture and Interior
depend extensively on analyses of imagery covering the entire
United States. Specialized land use and topographic data for
the United States are supported by remote sensing programs in
The Department of the Interior, Geological Survey, and NOAA's
National Ocean Survey. Data on specialized projects and certain
environmental analyses of the Corps of Engineers and the Environ-
mental Protection Agency are based extensively on remote sensing
interpretation. Land use analysis programs in states such as
New York and Minnesota and the tax mapping programs of many states
are largely based on imagery interpretation at state and local
levels.
Although the potential for using remote sensing to develop
new types of planning data is recognized by these agencies,
funding to develop and test individual products or new large
scale environmental information systems using remote sensing
has not been budgeted. During the next two to three years,
Swanson, Rodger A. The Land Use and Natural Resources Inventory.
Albany, N.Y.: New York State Office of Planning and Coordination,
1969; The Minnesota Land Information System. St. Paul, Minn. :
Information Systems Division, Department of Administration, State
of Minnesota, Newsletter Number 2, March, 1971.
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based on current plans and funding for these agencies, additional
types of remote sensors and programs of coverage will be used
to improve types of data currently provided by increasing the
frequency of update, the areas of coverage, and the detail of
data reported. Thus planners can count on the continuation
and improvement of the data received from existing interpretation
programs.
Experimental Interpretation Programs
Development of new interpretation programs to provide data
not readily available to planners is currently concentrated in
the Department of the Interior under the EROS Program. These
programs are concerned with environmental monitoring and predic-
tion focused primarily on analyses of land use change. The
analyses are focused at two different levels of detail: (1) gross
nationwide and regional patterns to be provided by the EROS
Thematic Mapping System based on satellite, high altitude
aircraft and other imagery, e.nd (2) more detailed regional and
metropolitan area patterns such as those being developed under
the Geological Survey Geographic Applications Program based
on satellite and aircraft sensor programs. In addition, because
physical planning problems in many regions cross administrative
boundaries, procedures are being developed to identify physical
and social planning regions for different levels of planning
i
and management problems using remote sensing based information
on land use, traffic flows, vegetation, and other natural
resource changes as the basis for stratification. This work
is being undertaken as part of the Natural Resources Infor-
mation System under development by the Bureau of Indian Affairs
and Bureau of Land Management. If successful these experiments
are expected to provide a number of types of remote sensing
based data of use in outdoor recreation planning.
EROS Thematic Mapping System. - The EROS Thematic Mapping
System to be put in operation at the EROS Program's Sioux Falls
Data Center in 1972 will be an automated mapping system to use
ERTS-A and other satellites, high altitude aircraft, and other
-76-
THF.MATIC MAPPING OF WATER: CHESAPEAKE BAY AREA
COIOII II PHOTOGRAPH
6-INCH MAPPING CAMERA AT 60,000 FT.
UNARY SEPARATION OF
LAND AND WATER
MpU of dUMlty illcing by PKIIco-F.rd
 w.d*r contract to USOSi NASA ?fc»«»flropk.
THEMATIC MAPPING OF VEGETATION: FLORIDA KEYS
COLOR IR PHOTOGRAPH
12-INCH MAPPING CAMERA AT 60,000 FT. BINARY ISOLATION OF VEGETATION
Exawplo of density slicing by Philco-Ford under contract to USGS, NASA photograph.
Figure 10. Examples of Thematic Maps with UTM Grid Overlay
Proposed by EROS Thematic Mapping System. (Graphics
Courtesy of the Department of the Interior, EROS
Program)
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imagery to initially provide maps of open water, snow and ice,
infrared-reflective vegetation, and massed works of man such
as metropolitan areas. These maps are expected at scales of
1:250,000 to 1:1,000,000. They will cover the United States
referenced to the Universal Transverse Mercator (UTM) grid
system. Figure 10 indicates the types of materials which may
initially be provided. As various users define types of
information needed for special problem areas, these maps may
be updated as often as every 18 days. Less frequent updates
will be provided for other areas and data types. As this
experimental program develops, maps are expected to be avail-
able in digital versions for computer manipulation. The infor-
mation provided by this interpretation and mapping program
should be of considerable use to State and regional planners
concerned with demonstrating patterns and rates of change
in the gross land use features.
Urban Change and Land Use Analysis Programs. - Other
experimental interpretation programs under EROS sponsorship
include the urban and the regional change detection programs
of the Geological Survey, Geographic Applications Program.
These progrms are developing systems to map the extent and
change of urban and rural land uses at scales frequently
used by State, regional, and metropolitan area planners.
Imagery is to be interpreted for specified sets of land uses
and mapped at scales ranging from 1:60,000 to 1:250,000
referenced to the UTM grid system. Boundaries of minor civil
divisions and enumeration districts for which census and
other types of ground truth data are readily available will
be superimposed over the maps. Tabular presentation of the
area in each type of land use in each jurisdiction, enumeration
division, or UTM based grid cell is expected to be provided.
Such information will greatly facilitate compiling or reworking
areal density information. As these experimental programs
develop, digitized land use information is expected to become
available. Figures 11 through 13 provide examples of the types
-78-
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Figure 11. Simulated Page for Proposed Atlas of Urban and
Regional Change Showing Photo Mosaic with UTM
Grid. (Graphic Courtesy of the Department of
the Interior, Geological Survey, Geographic
Applications Programs)
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Regional Change Showing Census Tracts. (Graphic
Courtesy of the Department of the Interior,
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Figure 13. Simulated Page for Proposed Atlas of Urban and
Regional Change Showing One Prototype Land Use
Analysis. (Graphic Courtesy of the Department
of the Interior, Geological Survey, Geographic
Applications Program)
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EXPERIMENTAL LAND USE CLASSIFICATIONS
Atlas of Urban and
Regional Change
I. Urban
A. Livelihood
1. Industrial
2. Transportation
3. Commercial and
Public and Private
Services
4. Livelihood Non-
Agricultural
clustered Settle-
ment
B. Residential
1. Single Family
2. Multi-Family
C. Other
1. Improved
Open Space
2. Unimproved
Open Space
3. Water
II. Non-Urban
A. Livelihood and
Residential
1. Agricultural
with Residence
2. Industry
3. Livelihood with
Non-Agricultural
Residence
E. Other
1. Improved
Open Space
2. Unimproved Open
Space
3. Unimproved Open
Space, Wetland
4. Unimproved Open
Space, Other
Native Vegetation
5. Water
Land Use Analysis
Program
I. Urban & Built Up
A. Residential
B. Commercial & Services
C. Primarily Industry
D. Extractive
E. Major Transport Routes
and Areas
F. Public & Institutional
G. Open Land
II. Agricultural
A. Cropland/Pasture
B. Orchards, Vineyards,
Groves, Bushfruit
including Horticultural
Areas
C. Feeding Operations
D. Other Agricultural land
III. Rangeland
A. Rangeland
IV. Forestland
A. Forest (Solid crown)
B. Aforesting Brushland
(Intermittent crown)
C. Arid Woodland
D. Tree Plantations
V. Water
A. Streams
B. Lake
C. Reservoir
D. Coastal & Estuary Waters
VI. Non-forested Wetland
A. Vegetated
B. Bare
VII. Tundra
A. Tundra
VIII. Bareland
A. Beaches
B. Exposed Rock
C. Tailings, Abandoned Pits,
and Quarries
D. Salt Flats
E. Lava Flows
F. Sand (Other than beach)
G. Other
IX. Permanent Snow & Ice Fields
A. Permanent Snow & Ice Fields
Figure 14. Experimental Land Use Classifications for Proposed
Atlas of Urban and Regional Change and Land Use
Analysis Programs of the Department of the Interior,
Geological Survey, Geographic Applications Program.
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of information which may initially be provided for selected
metropolitan areas in a proposed atlas of urban and regional
change. Figure 14 indicates a preliminary listing of land
uses which may be mapped for larger regional change analyses.
Frequently updated maps from these programs should be of great
use in intercensal estimating for small area characteristics.
At present each of the land use categories chosen for
interpretation can be correlated with production or consumption
activities in the area such as fuel burning, traffic flows,
levels of manufacturing, and with various physical characteris-
tics such as soil type, vegetation cover, air and water flows.
Such correlation should facilitate the monitoring, modeling,
and prediction of environmental change, especially land use,
traffic flow and vegatation changes affecting recreation
planning at the level of substate regions and metropolitan
areas. A range of modeling is now possible, based on models
developed for the Departments of Transportation, Commerce,
Housing and Urban Development, and the Environmental Protection
Agency. These models are available to recreation planners
and can use land use change data from centralized interpre-
tation programs or land use and other data from the interpre-
tation programs of local agencies. As these experimental
programs proceed, detail beyond the categories already
stated will be determined by users, including recreation
planners.
Wray, James R. "A Remote Sensing System for Detecting Gross
Land Use Change in Metropolitan Areas," paper presented at the
Conference on Land Use Information and Classification, co-
sponsored by the Department of the Interior, U.S. Geological
Survey, and the National Aeronautics and Space Administration,
Washington, D.C.: June 28-30, 1971; Alexander, Robert H.,
"Central Atlantic Regional Ecological Test Site," paper
presented at the Fourth Annual Earth Resources Program Review,
Manned Space Center (MSC). Houston, Texas: January 17-21,
1972; Gerlach, Arch C. "The Geography and Human Cultural
Resources Working Group of the EROS Program," paper presented
the Fourth Annual Earth Resources Program Review, Manned Space
Center (MSC). Houston, Texas: January 17-21, 1972.
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Definition of Planning Regions^. - A principal aim of the
Natural Resource Information System under development by the
Bureau of Indian Affairs and Bureau of Land Management under
EROS Program sponsorship is the development of criteria and
procedures for identifying planning and management regions
using remote sensing. These procedures use lower resolution
imagery covering large areas to rapidly scan for the area and
rate of change in land use and physical conditions affecting
forest or range management. Such change signals the land
manager that program adjustments may be required and that he
may want to treat the area over which they occur as a func-
tional management region regardless of local administrative
boundaries. Having scanned lower resolution imagery to identify
problems and suggest management areas, higher resolution
imagery and other data may be employed to further analyze
conditions within the newly defined management region. An
example of such analysis will be available through the EROS
Program by midsummer of 1972.
Because many processes which affect recreation planning
such as user travel, flooding, water pollution, or the spread
of vegetation diseases extend over different sized areas and
cross political boundaries, both the synoptic and the multiple
areal scale characteristics of remote sensing should provide an
effective tool for identifying the extent of processes affecting
recreation areas and for suggesting areas in which the planning
and management activities of various political jurisdictions
must be coordinated to deal with recreation problems. Using
lower resolution imagery to scan for and identify areas
affected by specific processes, more detailed imagery and
ground truth on specific areas can be collected as needed for
further analyses and planning. With such stratified sampling
procedures to identify processes affecting recreation planning
worked out, files of different types of imagery at different
scales related to State, regional, and local problems can be
used to define or redefine areas for planning treatment.
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Except for the Thematic Mapping System, much work remains
before these experimental programs can be generalized to programs
of nationwide imagery interpretation. In ea.ch case new infor-
mation such as the extent of snow or urban cover is presented.
Although major process and problem areas can be identified,
additional detail and updated imagery will still be needed
for adequate planning analysis. For example, the selection
of specific sites for winter or urban fringe recreation areas
will require more detailed information with respect to usual
snow conditions or the quality of residential development than
can be provided by any of the current experimental interpre-
tation programs. The planner can add such data to the base
line data provided by these centralized programs by locally
interpreting individual images or collecting other ground
truth.
Because the public interpretation programs under development
are not expected to provide new data in sufficient detail for
many recreation planning activities and because many of these
activities focus on specialized local conditions with which
nationwide or regional interpretation programs would not be
expected to deal, in the near future outdoor recreation
planners should anticipate either acquiring imagery and develop-
ing their own interpretation skills, or relying on other local
agencies or private contractors for these skills. To help
familiarize planners with the use of simple interpretation
techniques, Chapter V presents a set of examples of the use
of high altitude color infrared imagery to derive useful recre-
ation planning data.
CHAPTER V
EXAMPLES OF INTERPRETING REMOTE SENSING IMAGERY FOR
OUTDOOR RECREATION PLANNING DATA
Introduction
This chapter presents examples of the interpretation of
high altitude color infrared imagery to provide data for four
tasks commonly faced in outdoor recreation plannning at state-
wide, regional, and local planning levels or in special resource
studies. These tasks involve: (1) regional analysis to
identify new or alternative sites suitable for a specific type
of recreation; (2) more comprehensive regional analysis to
identify and rank potential sites for a range of recreation
activities; (3) analysis of the scenic characteristics of poten-
tial resources to determine what characteristics must be pro-
tected and what types of action must be taken to preserve a
view; and (4) analysis of the carrying capacity of a resource
with unusual or nearly unique characteristics.
Although these examples are drawn from the lower James
River area of Virginia, (Figure 15), the analytical approaches
and interpretation procedures are applicable to a wide range
of planning problems and situations. These examples deal with
common planning problems in a specific area; however, they are
in no way intended to represent official aims, policies, or
costs on the part of any Federal, State, or local recreation or
other planning agency. Similarly, the cost comparisons presented
do not represent precise costs of any planning or data gathering
agency. These comparisons are intended to reflect the general
difference in levels of effort or time required to derive data
using common remote sensing techniques versus the effort
required to derive equivalent data using conventional sources.
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Figure 15. Remote Sensing Demonstration Sites in Lower James
River Region, Virginia.
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Steps in the Effective Usage of
Remote Sensing Imagery
To use remote sensing imagery most effectively as part
of a data collection program, the planner should be able to:
1. Clearly define his problem along with the types and
class of data he should analyze
2. Specify the type of remote sensing imagery, area
scale, resolution, and format best suited to provid-
ing these data
3. Locate the appropriate imagery
4. Select the best available interpretation and mapping
procedures for analysis
5. Secure other data (ground truth) needed to interpret
his imagery
6. Complete the appropriate interpretation and analyses
7. Demonstrate the effectiveness of this use of remote
sensing.
The following discussion indicates how steps one through
five were applied in the four examples. Step six is presented
in the detailed description of each problem and the interpre-
tation and analysis procedures used to deal with it. The
final discussion in the chapter indicates the level of time
and cost required to provide data in each of the examples and
indicates the value of collecting these data using remote
sensing versus alternative sources.
Defining the Problems and Data Required
In the first example, it may be assumed that priorities,
funding, or the availability of sites previously identified
for a specific type of recreation activity have suddenly
changed. Thus, it is assumed that the planner has a clear
definition of the physical and development cost characteristics
desirable for a specific type of site and the planner wishes
to rapidly revise and update his plan for the selection of
that type of site over a large area of his planning region.
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In the second example, the planner is concerned with the
preparation of comprehensive plans focused on the best recrea-
tion resources in the area. To identify these resources, the
planner wishes to develop a rating of sites throughout the
region for alternative recreation uses based on a wide range
of physical site characteristics, accessibility, and develop-
ment costs. Such a rating would form the basis for comparing
alternative sites, and in combination with other site charac-
teristics data could be used to clearly identify the trade-offs
between using various sites for recreation or other types of
activities in responding to A-95 reviews. In addition, these
site characteristics data could be used in preparing environ-
mental impact statements and in responding to statements
concerning changes in surrounding activities which might
affect a recreation site. Such information could also be used
in coordinating long range regional recreation plans with
current planning for local, private, and public recreation
development. For example, regionwide site analyses and rating
procedures could be used to help local private developers or
planners identify the best sites for preservation or mixed
residential and recreational development within or near
proposed recreation corridors or other important components
of a regional plan which public agencies cannot yet afford
to acquire or develop.
In the third example, the planner wishes to establish
the extent of scenic characteristics along a stretch of river.
These characteristics relate to the vegetation and cultural
features which can be viewed from the river. With this inven-
tory, he can then monitor change affecting the view and be
prepared to recommend acquisition or other protection programs,
such as purchasing scenic easements or exercising wet land
controls as change warrants. In the fourth example, the planner
wishes to rapidly establish the probable carrying capacity of
an unstable, marshy, coastal island under a proposed program
of high intensity usage. In this case he must analyze the
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extent of a wide range of land and biologic features and
determine if and where additional parking and high intensity
beach or water recreation could be supported.
Specifying the Types of Imagery Needed
For the areas involved in each of these examples, a wide
range of imagery was available. This imagery ranged from low
altitude, high resolution black-and-white to high altitude,
intermediate and lower resolution black-and-white, color, as
well as color and thermal infrared imagery. The imagery
was taken at varying dates extending back into the 1930's.
Because each example required current data on a combination
of land use, vegetation, and water features, it was determined
from Table 3, Chapter III, that the most recent color infrared
imagery would provide the most useful data source. Although
other types of imagery could have been used, information on
vegetation and water characteristics could be directly inter-
preted from color infrared with the least amount of effort.
Many scales of photography were available. Because
imagery at a scale of 1:120,000 in a 9 inch square format
from a recent NASA flight provided the greatest amount of areal
coverage per image at a detail suitable for rapid resource
evaluation, this scale was selected for the first two examples.
In the third example, for the detail needed the area of maximum
interest could be surveyed in a photo taken at a scale of
1:60,000. In the fourth example the only available color
infrared imagery of the island was at a scale of 1:60,000.
Although historic imagery would have been useful for evaluating
the stability of the island in the fourth example, such imagery
was not available in the time frame adopted in this study.
Locating Sources of Imagery
The extent of imagery covering the area was identified
through the Department of the Interior, Geological Survey Map
Information Office, Aerial Photography Section, and other
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sources. Imagery was available from the U.S. Department of
Agriculture, Soil Conservation Service and Agricultural Stabil-
ization and Conservation Service; Department of the Interior,
Geological Survey Water Resource program; Department of
Commerce, National Ocean Survey program; National Aeronautics
and Space Administration, Earth Resource Program; and from
the Virginia Department of Highways. The most recent color
infrared imagery covering the area of each example had been
flown by NASA Earth Resources Program, Aircraft Mission 103,
of September, 1969, and Missions 144 and 145 of September and
October, 1970. Specific images used in these examples were
obtained from NASA through the Department of the Interior,
EROS Program.
Selecting Interpretation Procedures
As indicated in Chapter III, a range of sophisticated
imagery interpretation techniques have been developed. However,
in the near future these techniques are not expected to be
widely available at a cost most planning agencies can afford.
The examples of this chapter demonstrate techniques using
equipment and skills generally available in State, regional,
and local recreation planning agencies.
In each example simple 10 power hand lenses and light
table were used for interpretation. Land, water, vegetation,
and other features were traced on Mylar sheets over the color
infrared transparancies producing maps at the scale of the
imagery. Features were counted and areas of interest were
measured using a grid scale and a planimeter. As noted earlier,
historic photography would have been useful to analyze physical
change in the fourth example. However, this example was under-
taken to simulate a situation of crisis data need and the ability
to compile planning data rapidly using available imagery. To
analyze change in area, the tracing of land area from the imagery
at a scale of 1:60,000 was enlarged to the 1:24,000 scale of a
set of U.S. Geological Survey topographic sheets drawn earlier
and compared with the areas on these sheets.
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Ground Truth to Support Interpretation
In each example additional topographic information along
with names of cultural features were compiled from U.S.
Geological Survey topographic sheets at a scale of 1:24,000
and from local highway maps. This information was used to
confirm the interpretation of specific types of land use and
water areas. In the first two examples travel time informa-
tion was estimated from highway department records. Although
they were not collected, ownership characteristics of the
tracts identified for parks in these examples could only have
been collected through property records. For example two,
data on land values, land use controls, and many physical
characteristics were collected from nonremote sensing sources.
These four examples demonstrate that the amount of ground truth
which should be assembled is clearly related to the type of
analyses to be performed, the types of remote sensing interpre-
tation to be undertaken, and the degree of precision desired.
In situations where imagery is not available, or where alterna-
tive sources are required or desired for back-up in a data
collection program, Appendix I indicates nonremote sensing
data sources now most frequently in use. Specific use of
remote sensing imagery to provide data for planning is detailed
in the following examples.
Example One; Rapid Regional Analysis for
a Specific Type of Resource
The first example assumes that the plan for site selection
of general recreation areas over a large area of the Richmond
Regional Planning District has to be rapidly revised. One of
the significant advantages of remote sensing technology is
that the planner can use a limited number of types of high
altitude imagery to examine a wide range of data within a large
area. This advantage is extremely important if an area is
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undergoing extensive change or if the priorities or funding of
components of a plan are revised on relatively short notice. In
this demonstration, given appropriate site selection criteria and
a single type of imagery, the planner could quickly identify a
range of potential general recreation sites. Based on this
initial identification, detailed analyses of selected sites
could have quickly begun using ground surveys and other types
and resolutions of imagery.
The Richmond Regional Planning District is located in
eastern Virginia centered on the Richmond metropolitan area.
Revision of the regional outdoor recreation plan calls for the
identification of alternative recreation resources. In this
example, sites suitable for large-scale regional parks (B.O.R.
Class II) in close proximity to Richmond demand were sought
Southeast of Richmond in the area indicated in Figure 15. This
area contains a rich mixture of water and vegetation features.
Because it is experiencing rapid suburban growth, the identi-
fication and preservation of future recreation sites close to
the heart of the metropolitan area is seen as an urgent regional
and recreation planning priority.
Data Required. - The planner's criteria for final site
selection were: (1) availability of water features, including
swamps, (2) diverse vegetation, (3) proximity to highway trans-
portation, and (4) an area of 500 acres or greater in relatively
few ownership parcels. Thus gross data on each of these charac-
teristics were needed for rapid initial site identification.
Choice of Imagery. - As noted earlier, color infrared
imagery at a scale of 1:120,000 provided the broadest area
coverage at a detail suitable for rapid evaluation of land and
water resources. Figure 16 is a printed copy of the transparency
Figure 16. CAPTION — Color infrared photograph of portion of
Southeast Richmond Regional Planning District, Virginia. Area
interpreted in Figure 17 outlined. Image scale 1:12,000. From
NASA Aircraft Mission 103, September, 1969. (Image Courtesy of
the Department of the Interior, EROS Program)
Figure 16. Southeast Richmond, Virginia Area.
(See Caption p .92)
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which was secured from the Department of the Interior, EROS
Program. The outlined area is the area interpreted in this
example.
Interpretation. - Given the five site selection criteria
indicated above, the assumed need for haste, and the lack of
any mapped land use, vegetation, and water characteristics as
might be available from centralized interpretation and land
use mapping programs, data of the following type were identi-
fied using hand lenses and mapped on Mylar overlays at the
scale of the imagery: (1) dense urban and industrial, (2) low
density housing, (3) fields, (4) cleared land, (5) forest vege-
tation, (6) water features such as the James River and farm
ponds, and (7) transportation features such as interstate and
primary highways and airports. These data items required for
initial site identification are presented in Figure 17. Travel
times from downtown Richmond have been plotted on this figure
from Virginia Department of Highways data.
Using Mylar sheets, different shaped overlays of 500 acres
or more at the scale of the image were placed over mixes of
open water or swamp, such as those along the James or the
Chickahominy River at the top and bottom of the image and corre-
sponding areas of Figure 17. Large stands of forest or mixed
forest and fields aan be detected in the central and right hand
portions of the image and figure. In this fashion, thirteen
areas suitable for further consideration by local recreation
planners could be identified without expensive and time consum-
ing ground analyses. These areas outlined on Figure 17 are
fairly evenly distributed with respect to types of water and
natural vegetation features and with respect to access to
downtown Richmond. Although no ownership information could
be obtained from the imagery, after the identification of these
few sites as highly suitable for general recreation, a search
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Figure 17. Example of Identification of Possible Recreation
Sites in Southeastern Richmond, Virginia Area. Based
on Imagery Interpretation of Figure 16 and Ground
Truth.
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of local property records covering these areas could have
easily been conducted.
After using remote sensing to identify a number of areas
with gross features suitable for general recreation development
and after identifying those sites owned in only a few parcels,
more detailed site analyses and systematic site comparisons
could have been undertaken using additional ground truth and
appropriate types of imagery of the same or higher resolution.
The next example discusses such analyses.
Other Information Available from the Same Image. - If
other types of problems and planning activities had been defined
in this first example, a number of the other types of data
indicated in Table 3, Chapter III, could have been interpreted
from the color infrared image of the Richmond area. For example,
the following data can be identified with hand lenses and the
original transparency of Figure 16.
1. Prominent land forms
2. Area of standing water
3. Length of shoreline of rivers and ponds
4. Width of river
5. Islands and other impediments to navigation
6. Special water features
7. Areal extent of vegetation
8. Crown closure of trees
9. Special vegetation features
10. Distance between resource (identified by other methods)
11. Identification of the following land uses or structures:
a. forests m. piers and docks
b. brush n. rural residential areas
c. meadows o. low density retail
d. field crops p. high density retail
e. farm ponds q. parking lots
f. farm structures r. heavy industry
g. dams s. schools
h. marshes t. golf courses
i. highways u. boat ramps
j. railroads v. swimming pools
k. airports w. club houses
1. bridges x. stadiums
y. ball diamonds
-97-
Although many buildings and structures can be seen in the
photograph, their usage cannot be determined without additional
information from ground surveys or other sensors, such as
thermal infrared, which might indicate structures housing
activities involving high temperature processes.
The quality of this image indicates some of the problems
of using remote sensing for planning data. The detail of the
print in Figure 16 is considerably less than that of the
original transparency due to differing sizes of film grain and
processing procedures used. In addition, haze or smog obscures
ground features over much of the upper left hand portion of
the image. Nevertheless, considerable information was or could
be extracted. The next example deals with the use of remote
sensing in more detailed analyses and site comparisons focused
on a number of planning and review problems. The final examples
demonstrate specific uses of remote sensing to provide highly
detailed types of data needed to support a number of the
analyses dealt with in the second example.
Example Two; Detailed Regional Analysis and
Ranking of a Range of Resources
All too often, comprehensive outdoor recreation planning is
considered late in the process of preparing regional or metro-
politan plans. In such cases, the planner may have to choose
recreation sites from among a set of areas considered unsuitable
for other types of urban or regional development, such as flood
plains, unstable terrain, areas difficult to service with
utilities, or areas of urban ecological support such as areas
of aquifer rechange or forested watersheds. From the point
of view of recreation planning, the distribution of such sites
may not meet desired accessibility criteria or may not contain
the region's most diverse or desirable set of recreation
resources.
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A preferable planning position would be to have considered
all of the region's open space scarce, to have rated each
site or area with respect to its suitability for alternative
recreation usage, and to have developed a comprehensive recrea-
tion plan recommending use of the area's best sites to meet
various demands. A detailed, quantitative inventory or file
of area recreation characteristics provides the planner a
strong tool to indicate the trade-offs which must be considered
(1) in evaluating alternative sites for the same type of recre-
ation development, (2) in evaluating proposed alternative uses
for sites he has recommended for recreation development, or (3)
in evaluating whether activities in surrounding areas will
affect or be affected by recreation development. In addition,
by making his file of recreation oriented data widely available
to the area's other planning agencies, the recreation planner
can directly indicate desired recreation policy and seek the
cooperation and coordination of these agencies in implementing
his recreation goals.
As suggested throughout this report, remote sensing sources
can provide many of the hard to obtain data needed for a detailed
regional recreation resource inventory. The following example
indicates a number of ways in which such data can be used. This
example is focused on a portion of the Richmond, Virginia, metro-
politan area northwest of Richmond as indicated in Figure 15.
Located on the edge of a metropolitan area within the east coast's
urban corridor, it is assumed that the area is under heavy
pressure for differing types of development including recreation
development related to a wide range of metropolitan, State, and
nationally oriented demands. As these pressures increase, to
enable the recreation planner to develop and justify his plans
by indicating the economic, social, and environmental trade-offs
between recreation and other types of development, early evalua-
tion of the area's various recreation potentials is clearly
advisable.
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Figure 18 is a print of one of the 1:120,000 scale color
infrared transparencies used to evaluate the area's recreation
potential. As in the previous example, this type and scale of
imagery was selected because it could most easily be interpreted
for desired water, land use, and vegetation information and
because the scale provided the most useful trade-off between
detail and areal coverage. As indicated in the outlined portion
of Figure 18, part of the area selected is covered by low density
urban developemnt and the rest by forest and open agricultural
uses. The area is not•as rich in its mix of water, vegetation,
topography, historical, or other recreation oriented character-
istics as was the area in Figure 16 of southeast of Richmond,
justification of alternative sites for different types of recre-
ation or other usage calls for more detailed analyses of each
site's recreation attributes.
In this example it is assumed that specific types of land
use data would be provided by centralized interpretation programs
such as those of the U.S. Geological Survey, Geographic Applica-
tions Program, discussed in Chapter IV, and that such informa-
tion would be incorporated into the planner's data collection
system and file of area characteristics. Figure 19 indicates
the type of land use information which might be expected from
such systems. This figure and later figures have been compiled
at the imagery scale of 1:120,000 and have been overlain with
a 4 square kilometer grid of approximately 1.5 square miles
referenced to the UTM coordinated system for ease in identifying
areas for large scale recreation development. In addition,
city and county jurisdictional boundaries, common data enumera-
tion areas have been indicated on various figures. With these
boundaries identified, the jurisdiction's total area in recrea-
tional characteristics or numbers of recreation facilities can
be calculated and correlated with other data compiled for these
areas.
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Figure 18. Northwest Richmond, Virginia Area
(See Caption p.101)
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Because the land use categories identified in Figure 19
are not detailed enough for many types of recreation analyses,
Figure 20 is an example of the type of additional recreation
oriented information which the local planner or a consultant
can rapidly extract from imagery such as Figure 18 using simple
interpretation procedures. Where such characteristics are i
of interest to a wide range of planners in one area or over
large regions, user demand could encourage centralized inter-
pretation programs to expand their efforts to provide more
detailed recreation related information on a continuing basis.
Each data item on land use, vegetation, and water relates to
criteria for identifying potential recreation uses within the
region. As in the example in Figure 21, a table of the area
in each feature or category in each cell or jurisdiction can
be prepared to aid in various statistical analyses. The rows
of Figure 21 relate to cells numbered in Figure 20 and corre-
sponding cells in later figures.
Analyzing Recreation Potential Using Remote Sensing
Based on the data identified in Figure 20 and using the
image in Figure 18, the 400 square kilometer Northwest Richmond,
Virginia Area was analyzed for sites with water features or
topography which appeared to be suitable for developing water
related recreation sites, (Figure 22), areas of open fields,
(Figure 23), or forest cover with interesting topography and
view potential which appeared to be suitable for general recrea-
tion development, (Figure 24), and areas apparently suitable for
the development of recreation corridors focused on flood plains,
Figure 18. CAPTION — Color infrared photograph of portion of
Northwest Richmond Regional Planning District, Virginia. Portion
of area interpreted in succeeding figures outlined. NASA
Aircraft Mission 145, October, 1970. (Image Courtesy of the
Department of the Interior, EROS Program)
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ridges, old railroads, or other linear features (Figure 25).
In each figure, 22 through 25, sites for each type of recrea-
tion usage were ranked hypothetically according to a highly
desirable, "1", desirable, "2", or not particularly desirable,
"blank", scale without site visits. Planners with extensive
local knowledge and other priorities might well assign alterna-
tive rankings. With rankings of sites in the area established
these rankings can be added to the file of other data on the
area's recreation characteristics as in the example in Figure 21.
Evaluation of the recreation potential of any site relates
both to its suitability or carrying capacity for recreation
purposes and to its competition with other land uses for the
same or other qualities of the site and surrounding areas.
Criteria most frequently considered in evaluating the suita-
bility of a site for recreation purposes and relating this
analysis to that of planning agencies with other perspectives
and proposed uses for the site include analyses of (1) accessi-
bility to demand, (2) physical characteristics and carrying
capacity for specific recreation uses, (3) the number of similar
sites in the area, (an indicator of uniqueness), (4) land
value, (5) ownership, and (6) characteristics of surrounding
land use and anticipated development.
Using remote sensing interpretation, the ratings of each
of the characteristics in Figures 22 through 25 could be
developed regardless of access, ownership, land value, zoning,
or other considerations. Successive interpretation of updated
imagery can be used to keep track of certain physical changes
affecting site carrying capacity, but changes in other charac-
teristics affecting a site's suitability most frequently have to
be collected from other sources. Thus, as suggested in Chapters
II and IV, the planner's full data collection program should
include the types of remote sensing data developed by other
agencies. Figures 26 through 31 present information on average
slope, soil types, water table, geology, land values, trans-
portation route, travel times to downtown Richmond, and plans
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Scale 1:120,000
Legend
Land Use and Vegetation Types
I. Urban and Built-up p.'/i|il[ V. Water
II. Agricultural [ [ VI. Non-forested Wetlands
III . Rangeland VII. Tundra
IV. Forestland [ :^-;| VIII . Bareland
IX. Permanent Ice and Snow
Figure 19. Simulation of Land Use Map Which May Be Provided By Centralized
Interpretation Programs. Northwest Richmond, Virginia Area.
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Urban and Built-up
Urban
Scale 1:12O,OOO
Land Use and Vegetation Types
IV. Forestland
ST Pine Forest Hi
J Mixed ForestClearing for Dev.
I I .
I l l ,
Extractive
Major Routes, Util.
Agricultual
Fields | |
Rangeland
V.
VI.
VII.
VIII.
IX.
Regrowth Forest
Water
Water
Non-Forested Wetlands
Marsh
Tundra
Bareland
Permanent Ice and Snow
Figure 20. Example of Detailed Land Use and Recreation Features Map. Based on
Proposed Centralized Land Use Mapping Program and Additional Inter-
pretation by Local Planner. Northwest Richmond, Vircinia Area.
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Simulated Regional Recreation Resource Inventory
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Figure 21. Simulation of Regional Inventory of Recreation Resource
Characteristics. Northwest Richmond, Virginia Area. Base
on Interpretation of Figure 18 and Ground Truth.
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Scale 1:1O5,OOO
I** Water Bodies
[—*\ Stream
HH. Wetlands
James River
Rankings 1. Highly Desirable
2. Desirable
Figure 22. Water Features in Potential Recreation Development.
Northwest Richmond, Virginia Area. Numbers Indicate
Possible Ranking of Areas for Potential Water Related
Recreation Development Based on Imagery Interpretation.
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Figure 23. Open Space in Northwest Richmond, Virginia Area.
Numbers Indicate Possible Ranking of Area for
Potential Open Space Recreation Development. Based
on Imagery Interpretation.
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Figure 24. Forest Cover and Higher Elevations in Northwest
Richmond, Virginia Area. Numbers Indicate Possible
Ranking for Potential Forest and View Related
Develooment. Based on Imaaerv Interpretation.
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Streams
Water Bodies
Wetlands
Possible Recreation Corridor Based on Water Features
Possible Recreation Corridor Based on Abandoned Railroad Bed
Figure 25. Possible Recreation Corridors Focused on Water and
Other Linear Features in Northwest Richmond, Virginia
Area. Suggested by Imagery Interpretation.
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Figure 26. Average Slopes in Northwest Richmond, Virginia Area.
Based on Geological Survey Topographic Sheet.
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Legend Scale 1:120,000
|^-',.'.[ Severe Limitations 1 • Atlee, Bourne Association
' 2. Creedmoor, Colfax, Mine Spoil Association
3. Colfax, Vance, Bourne Association
I _ I
Moderate to Severe 4. Marlboro, Craven, Atlee Association
Limitations 5. Chewacla, AltaVista, Wehadkee Association
6. Kempsville, Rumford, Marlboro Association
Moderate Limitations 7. Cecil, Appling, Lewisburg Association
8. Appling, Vance Association
Figure 27. Soil Map of Northwest Richmond, Virginia Area Indicating General
Suitability for Septic Sewage. Based on U.S. Department of
Agriculture, Soil Conservation Service Mapping.
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LEGEND Scale 1:120,000
1 - 2 1/2 feet perched, 10 - 5O feet permanent
O - 5 feet perched, 0-40 feet permanent
Greater than 5 feet perched, greater than 40 feet permanent
Figure 28. Depth to Water Table in Northwest Richmond, Virginia Area.
Based on Well Records and Information Supplied by U.S.
Department of Agriculture, Soil Conservation Service.
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Average Per Acre Value Over 4 Square Kilometer Cell in Thousands
of Dollars (100O.OO)
Figure 29. Estimated Average Land Values in Northwest Richmond,
Virginia Area. Based on Local Assessor's Records
and Information Supplied by Real Estate Agents.
-114-
35 3O 25 2O 18 16 14 12 1O 8 minutes
Legend
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Figure 30. Estimated Travel Times Outward from Downtown Richmond
in Northwest Richmond, Virginia Area. Based on
Information Supplied by the Virginia Department of
Highways.
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Area Not Included in Existing Water and Sewer Plans
Kecreation Corridor
High Urban Density Corridor
Interchange Area
Jurisdiction Boundaries
Major Highways
Figure 31. Suggested High Intensity Development Sector Within
Northwest Richmond, Virc-inia Area. Based on Richmond
Regional Planning Commission: A Plan and Program For
High Intensity Development Sections in the Richmond
Region. 1968.
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for providing water, sewer, and guiding general land use
development in the area. As indicated on each figure, these
data were derived from various sources including the U.S.
Geological Survey; U.S. Department of Agriculture, Soil
Conservation Service; Virginia Department of Highways; Richmond
Regional Planning District publications; and local tax records.
Each of these types of data can be recorded in a data file
such as Figure 21 in tabular or computer readable formats for
rapid analyses. The detail of such a file will depend on local
needs and data availability.
Using a Regional Site Analysis File
to Identify and Justify Sites for Development
Site Identification. - The planner bases a number of his
planning activities on inventories of site characteristics or
data files such as Figure 21. As in Example One, if the planner
wishes to develop or revise his plan to include sites for
general recreation which possessed the most interesting water
and vegetation features within 15 to 20 minutes of downtown
Richmond using the imagery of Figure 18 and the ratings and
other data in Figure 21, in this example the planner might
well identify cells 8 and 9 of Figure 20 as possessing the most
desirable rating and qualities for the type of development he
has in mind.
If the planner's aim is to identify the region's best sites
for a mixture of recreation resources focused on forested areas,
vistas from high points, or corridors of mixed recreation
activity, the same search procedure could be employed to identify
the high potential cells related to each recreation charac-
teristic. .For example, cells 2 and 6 in Figure 20 rate high
A similar recreation site identification procedure based on
the use of remote sensing to detail regional land use and other
recreation oriented site characteristics is outlined in:
Wilson, Stephen O., Donald J. Veevers, Bruce Fullem, Nancy
Pierson. Potential Recreation and Open Space Areas in New York
State, N.Y.S. SCORP Technical Paper No. 6. Albany, N.Y.: State-
wide Comprehensive Recreation Plan, Office of Parks and
Recreation, 1970.
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on forest characteristics, cells 3 and 8 on view, and cells 2,
5, 6, 8, and others scattered throughout the region relate to
potential recreation corridors focused on water or other features.
On the basis of such analyses the planner could assert that
these sites best meet his criteria and standards for developing
or revising a continuing comprehensive outdoor recreation plan
for the region.
Site Availability. - If the planner's problem is to choose
one or a small number of sites from among a number of highly
rated sites in the area, or alternatively if only a few sites
of any quality are available, remote sensing based data such
as that in Figures 18 and 21 could be used to detail and compare
the unique characteristics of each site or to analyze the rate
of change in availability of such sites. For such analyses,
the planner could calculate the percentage of regional, juris-
dictional, or 15-20 minute time zone area containing specific
mixes of water and vegetation characteristics similar to those
in cells 8 and 9, of Figure 20. In this example, from Figure 18
and a fully developed Figure 21, it could be asserted that
within the 15-20 minute time zone, water and forest resources
are generally available but open spaces such as those in cell 9
of Figure 20 are in short supply. If historical imagery were
available, the rate of change in such areas could also be computed,
If one cell" is to be selected for development and if the water
characteristics in cells 8 and 9 of Figure 20 are similar, the
planner might want to base his selection on the mix and spatial
pattern of forest cover in these two cells and might find that
the characteristics in cell 8 were preferable for the type of
development he envisions.
Carrying Capacity and Development Considerations. - The
planner could develop his analysis of site carrying capacity
and developemnt costs using similar procedures based on remote
sensing and other data to evaluate each cell's vegetation cover,
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topography, water, and other characteristics. For example, for
a general recreation site in cell 6 of Figure 20, water features
might be developed in coordination with a program of nature
trails in adjacent forested areas, while a sizable impoundment
for nonpower boating might be developed in cell 7.
Alternative Site Usage and A-95 Reviews. - Such remote
sensing based planning and assessment of site availability and
qualities could be used to evaluate recreation oriented trade-
offs and to respond to proposals for alternative site usage
or for development of activities in surrounding areas which
might affect an existing or potential recreation site. Alter-
natively, other land planners and managers must be made aware
of the recreation planners' intentions for the development of
recreation sites. The A-95 review procedure has been developed
to alert recreation and other planners to proposed Federally
assisted developments in an area which may affect local planning
goals. In this example, when developing his plan, the recreation
planner should be aware from Figures 21 and 31 that a metro-
politan area plan for residential and other urban development
has been proposed which would affect cells 5, 8, 9, and 10 of
Figure 20. Open space provisions of the National Housing Act
of 1970 and other Federal legislation including national land
use planning acts could also directly affect this area. As
water and sewer programs for the area are developed or programs
for impoundments, highways, or other activities are proposed,
the planner will be expected to respond to such proposals indi-
cating how they might support his plans by encouraging users
to locate closer to recreation sites, for example adjacent to
cell 8 of Figure 20, or conflict with his plans by cutting
across proposed recreation corridors, as in cells 6 or 8 of
Figures 20 and 25.
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Assessment of Environmental Impacts. - Information developed
for each of the preceding analyses and reviews can also be used
to analyze the impact of a proposed recreation development on
the social and physical environment of surrounding areas and
vice versa. For example, Federal, State, and local air and
water pollution control agencies have developed or are develop-
ing models for evaluating the general impact of alternative
2patterns of land use on air and water quality. The size and
location of the region's best recreation sites or corridors may
have positive or negative micro-climatic and hydrologic effects
on the remainder of the region. In some cases, development of
less desirable recreation resources may produce more positive
results in controlling pollution. Using remote sensing imagery
such as Figure 18, the planner can provide appropriate air and
water pollution control agencies data on land use and vegetation
types, and on patterns of horizontal and vertical roughness
resulting from topography and vegetation. Using their models,
these agencies can evaluate for the recreation planner any
pollution oriented trade-offs among alternative recreation
sites which should be considered and aid in suggesting appro-
priate modifications to his plans. For example, it may be
that developing a number of smaller parks which include exten-
sive open or nonforested space near the current boundaries of
the Richmond urbanized area, cells 8 and 10, rather than a
recreation corridor as indicated in Figure 25, would produce
a preferable pattern of air mixing over the existing and
planned metropolitan area.
In addition to physical quality planning, Federal, State,
and local agencies are responsible for a set of continuing
comprehensive land use and transportation plans. In the past,
2
Information on the availability and data inputs required by
such models may be obtained from the U.S. Environmental
Protection Agency, Office of Air Programs, Office of Water
Programs, and from counterpart agencies with each state.
Examples of regional air diffusion and water models are indicated
in this report in the Bibliography of Chapter VI.
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planning programs of many of these agencies have treated the
planning for recreation and open space as a residual concern
or considered it late in the planning process. Having developed
his detailed classification of the suitability of various
sites for alternative recreation uses using remote sensing and
other inputs as in Figure 21, the recreation planner can provide
these data to other agencies. As part of their planning eval-
uation, he can request evaluation of the economic, social, and
travel impact of alternative patterns of recreation site devel-
opment. For example, the impact of traffic generated by alter-
native recreation sites in cells 8 and 9 of Figure 20, on
surrounding or projected residential commercial land uses can
be assessed. Because of the proximity of cell 9 to existing
commercial activities, the impact of additional recreation
oriented traffic to that cell might not be as noticeable to
surrounding activities as would the same level of traffic to
cell 8, with its proposed surrounding residential land uses.
Analysis of the impact on total public costs to develop
alternative land use plans including different configurations
of recreation space can be developed using land use projection
and design models, for example: the EMPIRIC activity allo-
cation model in use in the Washington, D.C., area; the Land
Use Plan Design Model of the Southeastern Wisconsin Regional
Planning Commission; or a linear programming approach to land
use design. Remote sensing based land use and site evalua-
tion data can be extremely useful inputs to such models.
See Metropolitan Washington Council of Governments. "EMPIRIC"
Activity-Allocation Model, Washington, D.C.: prepared by Peat,
Marwick, Mitchell and Co., May, 1970.
An alternative approach to such analysis and estimates of total
public costs for planned development are presented in South-
eastern Wisconsin Regional Planning Commission. A Land Use
Plan Design Model, Vol. I, II and III. Waukesha, Wisconsin:
Southeastern Wisconsin Regional Planning Commission, 1968,
1969, and 1971.
The use of linear programming for planning design and plan eval-
uation is discussed in Schlager, Kenneth. "A Land Use Plan
Design Model", Journal of the American Institute of Planners.
May, 1965, pp. 103-111.
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As an example of identifying different levels of public
cost which might be associated with the development of alter-
native patterns of recreation space within the context of a
larger land use plan, a comparison was made of estimated public
costs for developing one plan proposed for the northwest Richmond
area and an alternative design based on a linear programming
approach to locating the same amount of land uses but minimizing
4
their associated public costs. A programming approach to design
and cost analyses was adopted because it was inexpensive to
operate and because of the lack of other operational land use
models modified for local area conditions.
Figure 31 indicates a pattern of planned development
including a recreation corridor proposed for the northwest
edge of the Richmond metropolitan area. Various public costs
associated with the development of such a plan include: (1)
site clearing, installation of utilities, highways, and foundations,
all of which are associated with area physical conditions
relating to slope, soil type, and the depth to water table and
bedrock; (2) costs or taxable assets in land; and (3) travel
costs within the area to be developed and between it and other
portions of the metropolitan area. For the proposed plan
area, estimated costs or values for each of these public cost
factors were developed. Based on projections for population
and the amount of each type of land use to be developed in
the area indicated in the Richmond Regional Planning Commission
4
This approach is suggested in the Schlager article, op. cit.,
and uses many of the concepts and categories of public costs
suggested in the Southeastern Wisconsin Regional Planning
Commission study, op. cit.
Richmond Regional Planning Commission. A Plan and Program for
High Intensity Development Sections in the Richmond Region.
Richmond, Virginia: prepared by Marcou, O'Leary and Associates
and Hammer, Green, Siler Associates, June, 1968.
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Figure 32. Example of Alternative Land Use Plan for a Portion
of the Northwest Richmond, Virginia Area. Based on
a Linear Programming Assignment of Land Uses at a
One Square Kilometer Level.
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plan proposed in Figure 31, a total public cost of developing
the plan including the proposed recreation corridor was calcu-
lated. As an experiment, an alternative land use plan was
formulated using the same assumptions with respect to develop-
ment costs and amounts of land uses required including recrea-
tion but specifying an alternative pattern of recreation
development not preserving the corridor but preserving smaller
sites considered to be the best set of sites for a mix of
recreation uses. A linear programming approach was used to
locate all required nonrecreational land so as to minimize
public development costs. The alternative land use design
produced is indicated in Figure 32. Both plans locate nonrec-
reation land uses in the same general areas. The total public
costs of this alternative plan were also calculated. Based on
the assumptions made in both analyses, the estimated difference
in public development costs for the plan including the recreation
corridor was 5 percent higher than the plan with smaller,
highly rated sites interspersed throughout the area. Using
different cost assumptions and the same linear programming
approach, a number of alternative plans and cost comparisons
could have been produced. Through such experiments, recreation
and other planners dealing with area land uses could examine
the effects of trade-offs in planning and developing cost
assumptions of resultant land use designs.
The analysis presented in this example suggests if the
planner intends to recommend a recreation corridor in the
proposed location, he should be in a strong position to indicate
the recreation benefits of such a development based on its
uniqueness or other factors. As suggested earlier, evaluating
the pollution impact of such alternative recreation site patterns
could also suggest strong preference for one plan. In a
similar fashion, the public costs of proposals for reserving
open space under provisions of the National Housing Act of 1970
and other Federal legislation including proposed national land
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use.planning bills, or local taxation programs designed to
discourage urban sprawl could be evaluated. Such evaluation
would be useful in preparing both environmental impact and
A-95 review statements and responses.
Detailed Site Analyses to Coordinate Local and Private
Development with Regional Recreation Plans. - Each of the above
types of analyses are focused at a regional level relying on
maps and data at a scale of 1:120,000. Most changes affecting
a regional plan result from the actions of local developers and
public officials encroaching a little bit at a time on prime
recreation space identified in the comprehensive recreation
plan. The planner can also perform these same types of analyses
at more detailed or local scales, for example at the familiar
scale of 1:24,000 used in U.S. Geological Survey topographic
sheets. In situations where he has no funding or power to
develop the regional plan, with a more detailed local site
analysis the planner would be in an excellent position to
recommend to local developers the development of recreation
resources in areas identified as prime recreation sites or in
areas complementing such sites or corridors. For example,
Figures 33 and 34 indicate detailed area characteristics of the
square containing cells 8 and 9 outlined in Figure 20 at a
scale of 1:24,000 based on interpretation of the imagery of
Figure 18. With a rating of sites and inventory of site charac-
teristics developed at a 1 kilometer or more detailed scale
similar to Figure 21, the planner could advise local developers
where privately developed impoundments or open space at sites
such as A and B of Figures 33 and 34, would complement specific
large park or corridor development proposed in a regional plan.
Again developing such an inventory, site ratings, and an advanced
plan using remote sensing inputs would provide the local recrea-
tion planner a strong tool to guide and encourage desired
development through the private section.
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Figure 33. Detailed Site Analysis for Recommending Local Water-
Related Recreation Development in the Area Containing
Cells 8 and 9 Outlined in Figure 20. Northwest
Richmond, Virginia Area. Based on Imagery Interpretation.
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Scale: 1:24,000
Figure 34. Detailed Site Analysis for Recommending Open and Forested
Recreation Developments in Area Containing Cells 8 and 9
Outlined in Figure 20. Northwest Richmond, Virginia Area.
Based on Imagery Interpretation.
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By aggresively interacting with other planning and environ-
mental control agencies and developers through providing them
data based on remote sensing and other sources and by seeking
their evaluation of the environmental impact of alternative
programs to use the area's best recreation resources, the
recreation planner should be able to present more effectively
his goals and seek cooperation in protecting sites and develop-
ing the components of his comprehensive recreation plan. The
next two examples indicate how more detailed types of site
analyses can be developed using remote sensors as a data source.
Example Three; Monitoring Change in
Scenic Characteristics
The third example concerns the problem of keeping track of
change affecting the view from a river not yet acquired but of
recognized potential recreation value as a scenic river. Having
established a base inventory of the scenic characteristics in
which he is interested, the planner could scan the area for
»
changes in these characteristics each time new imagery becomes
available. The ability to use frequently updated remote sensing
imagery to quickly monitor change affecting selected problem
or high interest areas is one of the most important advantages
of remote sensing technology.
The mouth of the Chickahominy River is located in Virginia
approximately halfway up the James River estuary of Chesapeake
Bay and halfway between the Richmond and Norfolk metropolitan
areas as indicated in Figure 15. The lower reaches of the
Chickahominy are tidal with extensive embayments, marshes,
terraces, and interesting vegetation along each bank. This
stretch of the Chickahominy has been suggested for preservation
as a scenic river, but areas along its banks have not yet been
protected in some fashion from change in vegetation and land
Figure 35. Color Infrared Photograph of the Lower Chickahominv
River, Virginia. Imaqe Scale 1:60,000. From NASA
Aircraft Mission 103, September 1969. (Image
Courtesy of the Department of the Interior, EROS Program)
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use. The area is under increasing pressure for urban and recrea-
tion development from the nearby metropolitan areas. Thus it
is important to determine which areas bordering the river should
be protected if its scenic qualities are to be maintained.
^Based on this inventory, the planner can keep track of change
bordering the river and be in a position to suggest when
purchase or other types of control of these areas will become
necessary.
Data Required. - The data required to determine the scenic
qualities of views from the river are shoreline land use, vege-
tation, and topographic characteristics. Each affects the
extent and quality of features in various lines of sight. In
addition, land uses out of sight but within hearing of the
river could also affect the river's aesthetic qualities. Thus
the data items to be inventoried for later monitoring of change
include (1) extent of line of site from the river, (2) vege-
tation and land use types within these lines of sight, (3)
land uses such as highways or industries within hearing of the
river, and (4) the extent of wetlands which might be affected
by wetland control legislation at a later period.
Choice of Imagery. - As indicated earlier, desired water,
vegetation, and land use data items could all be effectively
interpreted from color infrared imagery. An image at a scale
of 1:60,000 available through the Department of the Interior,
EROS Program provided coverage of the entire reach of river
in which planners were immediately interested. Figure 35 is
a copy of the image used for interpretation.
Interpretation. - Dominant habitat types including marsh,
swamp, mixed forest, pine forest, and fields and cultural
features including road, power lines, and large housing subdi-
visions were identified using hand lenses and traced at the
scale of the image on Mylar sheets. Figure 36 indicates these
data. It was anticipated that high topography anywhere along
the banks would define or limit the field of vision from the
-130-
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Figure 36. Interpretation of Cultural Features, Visual Edges, and
Habitat Types Based on Figure 35.
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TOPOQRAPHY
Figure 37. Interpretation of Topography Based on Figure 35.
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Figure 38. This view of the Chickahominy River, a
tributary of the James River, in Virginia illustrates
the problem of maintaining a scenic river. Despite
the Cyprus trees and the undisturbed marshland in
the foreground, the marina in the background may be
considered as visually detracting from the natural
scenic qualities of the river.
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river. Figure 36 indicates areas of different elevation deter-
mined from U.S. Geological Survey topographic sheets. A rapid
check of sight lines from a boat trip along the river determined
that high shoreline vegetation was the factor limiting view over
the entire stretch of river analyzed. Figure 38 is a photograph
of typical sight line from the river. Based on this ground
truth, it was possible to identify rapidly the edge of high
vegetation along the river using Figure 35. This visual edge/
now clearly defined in Figure 36, can be monitored for change
in vegetation or in cultural features near it, such as roads
or housing which would affect the visual or noise characteristics^
Until proposed wetland legislation enables the planner to use
water characteristics to effectively control tidal shorelines,
black-and-white imagery would be suitable for such monitoring.
If wetland legislation were to be considered as a control device
to protect the view from change, color infrared imagery could
again be acquired and interpreted. Other nonremote sensing based
information such as ownership could be gathered to support other
types of land controls such as purchase of scenic easements or
land acquisition.
Similar analysis procedures could be instituted to regularly
monitor change in the Richmond area affecting the sites identi-
fied for potential general recreation in the previous example.
Example Four; Rapid Analysis of Carrying Capacity
This fourth example deals with the frequent planning problem
of having to analyze rapidly the carrying capacity of an area
which previously had low priority for analyses and for which
little information has been collected from conventional sources.
In such situations, the planner finds it difficult to respond
to technical questions or to propose and justify detailed plans.
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The ability of remote sensors to provide a rapidly accessible,
detailed source of many types of planning data is one of the
most important planning advantages of remote sensing technology.
Fisherman Island, Virginia, is currently a Federal wildlife
refuge, (see Figure 15). On short notice it was proposed that
the island be transferred from Federal to Virginia State owner-
ship and developed as a State park to encourage tourism as part
of a larger program of economic development. Given the goal of
attracting tourists, the planner's analyses were initially
focused on the number of users who could be accommodated with
parking on the island. The impact which various parking schemes
and numbers of users might have on the island's natural ecology
could also be evaluated but is not presented in this example.
Data Required. - On the basis of the reaction time available
and on the experience and ability of outdoor recreation planners
to judge impact and carrying capacity by analyzing a few variables,
it was decided that, from the wide range of data listed in
Appendix I, the location and change of land and water areas, ele-
vation, habitat types, and cultural features of the island were
the data most critical in evaluating feasible sites for additional
parking.
Choice of Imagery. - Given the need to identify land, water,
and habitat types and the availability of imagery covering the
island, color infrared was identified as the most useful type
of imagery. The only color infrared imagery available was at
a scale of 1:60,000. Figure 39 is a print of a portion of the
9 inch square color infrared transparency used for interpretation.
Interpretation. - To evaluate suitable areas for parking
and intensive use, the following types of data were identified
and mapped on Mylar overlays at the scale of the imagery.
Analyses of change in land area and shape were accomplished by
enlarging these overlays to the scale of U.S. Geological Survey
topographic sheets prepared at earlier dates and comparing areas
and shapes. These comparisons have been reduced to a 1:60,000
imagery scale for presentation here.
-135-
Figure 39. Color Infrared Photograph of Fisherman Island,
Virginia. Image Scale 1:60,000. From NASA
Aircraft Mission 144, September, 1970. (Image
Courtesy of the Department of the Interior, EROS
Program)
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Change in Area
Located at the tip of a penin-
sula, Fisherman Island is
subject to physical pressures
from both the Atlantic Ocean
and the Chesapeake Bay,
Figure 40. It is also subject
to manmade pressures for land
use and access to the Norfolk
metropolitan area. These
physical and manmade pressures
result in considerable insta-
bility in the island's total
land area. Figure 40, at a
scale of 1:60,000, indicates
that between 1955 and 1970
the island grew from 925
acres to 1178 acres due to
natural accretion of sands
and the construction of an
approach to the Chesapeake
Bay Bridge and Tunnel.
Throughout this process of
increase in total land area,
the location of the land
area changed extensively.
Figure 40. Fisherman Island, Virginia
Scale 1:60,000
LAND AREA-1970
LAND ARE A-1988
LAND AREA-19BS
Dry Land Area
Except for the beaches, the
areas most likely to be used
extensively would be those
above ncrmal Spring high tide,
Figure 41 indicates that the
total 1970 dry land area was
512 acres. Most of this
area is located to the west
and south, and any construc-
tion for recreation there
would involve minor leveling
of dunes with little fill
required. On the eastern
half of the island, dry
land and the beach merge
into a single unit less
than 1,000 feet across.
This part of the island
would probably be unsuited
for extensive recreational
facilities other than
picnicking or swimming.
Figure 41. Fisherman Island, Virginia
DRY LAND
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Sand Area
On the island there are
three types of sand area
covering 215 acres or 17
percent of the land area,
Figure 42: (1) road fill,
(2) beach, and (3) exposed
bars. The road fill is the
result of Chesapeake Bay
Bridge and Tunnel construc-
tion. The beach area is
located on three sides of
the island and is absent in
the north. The exposed bars
are principally in the north
and are separated from the
main part of the island by
tidal marsh. Except for the
road fill, these sand areas
are subject to continual
change in area and shape.
Figure 42. Fisherman Island, Virginia
SAND
Habitat Types
Forest area. Dense scrub
forest covers about 43
acres or 3 percent of
the island, Figure 43.
It is concentrated on
the highest and most stable
portions of the island.
These are also the areas
most suitable for recreation
construction given the
higher degree of physical
variation to which other
portions of the island
are normally subjected.
The forest areas appear to
be an important factor in
dune stabilization and any
heavy pressure on the forest
could affect both the island's
physical stability and the
stability of its wildlife
population. Lowering of
the dunes by man might
cause sand deposition lee-
ward to the wind of the is-
land but would also promote
washover during tropical
storms.
Figure 43. Fisherman Island, Virginia
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Grass areas. Grass areas
cover 255 acres or about
20 percent of the island,
Figure 44. These areas
are concentrated in the
western half of the island,
again in the areas most
suitable for recreation
construction including a
parking lot. This type of
vegetation is again an
important factor in dune
stabilization.
Figure 44. Fisherman Island, Virginia
Marsh lands. Marsh lands
cover 657 acres or nearly
53 percent of the island,
Figure 45. These salt
marshes located mainly in
the north of the island are
the principal waterfowl
areas and are extremely
sensitive to change in the
surrounding environment.
They would need to be care-
fully protected if the island
is to be used for intensive
recreation purposes.
Figure 45. Fisherman Island, Virginia
MARSH
Roads and cultural features.
The island's only highway is
an approach to the
Chesapeake Bay Bridge and
Tunnel, Figure 46. West of
this highway there are
unpaved secondary roads
leading to several barracks
and out-buildings. There
are no other extensive
cultural features on the
island.
Figure 46. Fisherman Island, Virginia
ROADS & FEASIBLE PARKING
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Based on this information, it appears that the cheapest
location for a major parking lot to provide access for recreation
users or other intensive use of recreation facilities would be
on the more stable area of the island covered by forest and
grasses. Developing such facilities would necessitate the des-
truction of much of these habitat types and increase the need
for protecting the facilities from migrating sands. Alternatively,
filling the marsh area for parking or other facilities could
significantly affect the island's usage by migratory wild fowl.
It is clear that strongly conflicting judgments are involved in
any course of action to increase the intensity of recreation
usage on this island.
Costs and Convenience of Data Collection
Using Remote Sensing Imagery Versus
Conventional Sources
Problems and priorities of developing and maintaining data
collection programs for outdoor recreation planning are discussed
in Chapters I and II. Types of data and update schedules most
frequently needed in such systems are indicated in Appendix I.
The capacity of developed remote sensors to provide these data
and the basic advantages and problems which planners or admini-
strators should expect to face in establishing priorities for
incorporating remote sensing based data into recreation planning
data collection systems are discussed in Chapters III and IV.
The four examples just presented specifically indicate a number
of the operational advantages of using remote sensing as a data
source in planning. These examples also provide a base for
indicating relative cost advantages of using remote sensing
imagery as a data source.
Analyzing costs of using remote sensing imagery is problem-
atic because of the assumptions which must be made concerning
costs of acquiring the imagery. As indicated in Chapter IV,
-140-
prices for low altitude black-and-white, color, and other
specialized imagery may be obtained from private contractors
and public agencies. Prices for differing types of high
altitude and satellite imagery are expected in the near future.
Because pricing was not available for the type of color infrared
imagery used in the examples of this report, the following
cost comparison does not include image acquisition costs.
Excluded also are the costs of sophisticated photo interpretation
equipment which an agency could acquire.
This analysis assumes that high altitude color infrared
imagery is in hand, that low altitude black-and-white coverage
of the area is available, and that the planner has basic inter-
pretation skills, suitable equipment, and is quite familiar with
the area. The comparison focuses on costs of acquiring data
using color infrared imagery versus costs of acquiring similar
data from other sources.
To analyze the field of view along the Chickahominy River,
a combination of color infrared imagery and ground checking was
employed first to determine whether any special habitat types
limited the view along the river. It was quickly determined
that vegetation of all types defines the field of vision. Thus,
any type of remote sensing imagery recording vegetation height
could be used to delimit a visual edge. The main continuing
advantage of remote sensing in this case is for monitoring
change without sending out ground crews. It is estimated that
with imagery available, one hour of interpretation time would
effectively substitute for a full day of site visit costs.
In the southeastern Richmond area example, data on water,
vegetation, and cultural features of an area covering approxi-
mately 320 square miles were interpreted and mapped from infrared
imagery in approximately 24 hours or three working days. At
the rate of $5.00 per hour for such interpretation, data would
cost approximately $100.00 per day, and significantly more than
three days would have been required to analyze the same 320
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square miles. For the problem posed in this example, imagery
interpretation has a clear cost advantage.
For the northwest Richmond area example, it was assumed
that basic land use and certain vegetation data would be
provided by a centralized imagery interpretation program at
a scale of 1:120,000. It was also assumed that the local
planner or a contractor could have interpreted additional
recreation oriented data at the same scale. Such interpreta-
tion for the 400 square kilometer (approximately 154 square
miles) test area required sixteen hours or two working days.
Again assuming a rate of $5.00 per hour for such interpretation,
the required data could be obtained for approximately $80.00,
or far less than the cost of a ground survey. Interpreters
with design experience using the same imagery without site
visits required thirty hours to provide detailed site analyses
and hypothetical ratings for water, forest, view, and corridor
characteristics for these 400 square kilometers. Assuming
the same interpretation costs, the total price for such analysis
would be approximately $150.00. Similar analyses of site
characteristics for the 16 square kilometers at a scale of
1:24,0.00 took approximately eight hours at a cost of $40.00.
With a large number of sites rated rapidly using remote sensing
data, site visits could be designed to further analyze specific
characteristics of those few with the highest rating. By
identifying a limited number of items and areas to be analyzed,
this remote sensing based approach could clearly reduce the
agency's site visit costs.
In the Fisherman Island example, the same types of data
were required as in the Richmond example. Because these data
were compiled in much greater detail but for a much smaller
area, the compilation costs from photo interpretation would
have been very close to those based on a site visit if the
visit could have been scheduled when needed and involved negli-
gible travel costs. With imagery available, the planner could
have assembled the necessary data in two working days in his
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office and could have responded within that time to changes
suggested for the island. If he did not have appropriate imagery,
the planner might have to wait on weather, on the schedule of
a contractor, or on both to obtain a site visit. Although
analyses based on a site visit might even have been cheaper than
using imagery interpretation, the use of remote sensing would
permit the planning agency to control its response time more
effectively.
Summary
These three case studies begin to demonstrate some of the
applications and versatility of remote sensing imagery as a
source for providing data needed :-.n outdoor recreation planning.
In certain cases, remote sensing imagery can be used to provide
data which the planner now obtains from conventional sources
at costs similar to those he is now paying. However, the planner
j
can frequently obtain the information he needs more rapidly
using a remote sensing source. In other cases, remote sensing
imagery is the only source from which he can extract the data
he needs at the detail or in the time required. Thus, it is
clear that current sources of a wide range of remote sensing
imagery could provide an extremely useful source for outdoor
recreation planning data.
As indicated throughout this study, to take advantage of
this source the planner must be able to spell cut his data
gathering priorities, indicate the imagery and areal coverage
he needs, and be prepared to commit both staff and budget
appropriately. In return he can expect a greatly expanded and
highly versatile source of recreation planning data.
CHAPTER VI
SELECTED REFERENCES ON REMOTE SENSING, PHOTO INTERPRETATION,
AND OUTDOOR RECREATION PLANNING DATA AND
ENVIRONMENTAL INFORMATION SYSTEMS
Remote Sensing and Photo Interpretation
The following selected references provide an introductory
guide to the terminology and current capabilities of remote
sensing and image interpretation technology. Familiarity
with this literature should enable the planner to request and
interpret specific imagery for specific problems. In addition
to these references, each year NASA, the National Science
Foundation, the Department of the Interior, EROS Program,
and other agencies and universities sponsor a number of work-
shops and conferences intended to familiarize planners and
others with the use and advantages of remote sensing imagery
as a data base.
Remote Sensing Technology and Applications in Earth
Observation Systems
1. NASA, Earth Observations Division. Earth Observations
Program Review. 4 and 5 November 1969. Washington:
NASA, Earth Observations Division, NASA Headquarters,
1970.
Provides a comprehensive introduction to NASA aircraft
and satellite systems operating or proposed in 1969
for acquiring remote sensing imagery. The discussion
of technology, data processing, and data distribution
assumes no detailed technical background.
2. NASA, Manned Spacecraft Center. Earth Resources Program
Synopsis of Activity. Houston, Texas: NASA, Manned
Spacecraft Center, 1970.
Types of aircraft, remote sensing equipment, and imagery
currently in use and available are discussed and illus-
trated with many photographs and drawings.
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3. American Geological Institute. An Introduction to
Electromagnetic Remote Sensing. Washington, D.C.:
American Geological Institute, 1968.
A short, comprehensive course in remote sensing
techniques. Basic concepts of optics and the elec-
tromagnetic spectrum are explained in an easily
understandable style.
4. Scherz, James P. and Alan P. Stephens. An Introduction
to-Remote Sensing for Environmental Monitoring, ReportT.
Edited by Edmund R.Belak, Jr. Madison, Wisconsin:
University of Wisconsin, Institute for Environmental
Studies, Remote Sensing Program, August 1970.
A short, comprehensive review of the electromagnetic
energy spectrum, technology of commonly available
sensors, examples of sensor applications, and a selected
guide to remote sensing literature.
5. NASA, Scientific and Technical Information Division.
Ecological Surveys from Space. Washington, D.C.: NASA,
Scientific and Technical Information Division, Office of
Technological Utilization, 1970.
Illustrated demonstrations of potential uses of orbit-
ing satellite imagery for ecological surveys of the
earth.
6. Wilson, John E. Sensor Detection Capabilities Study,
Geological Survey Circular 616. Washington, D.C.:
U.S. Geological Survey, 1969.
Analysis of available sensor capabilities for identi-
fying and measuring physical and land use characteristics
from various aircraft and satellite altitudes by day
or night. Provides useful basis for requesting specific
imagery.
7. Remote Sensing of Environment; An Interdisciplinary Journal.
New York: American Elsevier Publishing Co., Inc. (published
quarterly)
Magazine dealing with current remote sensing development.
8. NASA, Earth Resources Program. ERTS Data Users Handbook.
Washington, D.C.: NASA, Earth Resources Program, 1971.
This document describes the types of remote sensing
imagery which will be available to scientific experi-
menters and to the general public under NASA's earth
resources technology satellite and high altitude air
craft program. Appendices indicate the specific data
centers including the Department of the Interior's
Earth Resources Observation Systems (EROS) program
center at Sioux Falls, S.D., from which NASA, Interior,
and other imagery may be acquired.
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Photo Interpretation Techniques For Use in Outdoor Recreation
Planning
1. Smith, John T., Jr., ed. Manual of Color Aerial Photo-
graphy. Falls Church, Va.: American Society of Photo-
grammetry, 1968.
A comprehensive technical manual providing numerous
illustrations of the use of different types of color
aerial photography for problems faced by the outdoor
recreation planner.
2. Strandberg, Carl H. Aerial Discovery Manual. New York:
John Wiley & Sons, Inc., 1967.
An introduction to photogrammetric procedures.
3. National Academy of Sciences. Remote Sensing with
Special References to Agriculture and Forestry. Washington,
D.C.:National Academy of Sciences,1970.
Presents background information on the state-of-the-art
in sensor technology and image enhancement techniques
and provides examples of image interpretation for
problems of agriculture and forestry.
4. Douglass, Robert W. Application of Remote Sensing
Techniques to Water Oriented Outdoor Recreation Pl'anning.
Washington, D.C.:U.S. Department of the Interior,
Geological Survey, Interagency Report U.S.G.S.-191,
1970. Available from U.S. Department of Commerce
National Technical Information Service.
An excellent example of the use of high altitude
photo interpretation for identifying and selecting
water oriented recreation sites.
5. Branch, Melville C. City Planning and Aerial Information.
Cambridge, Mass.: Harvard University Press, 1971.
This volume reviews the process of continuing compre-
hensive planning, the need for area information, and
advantages and techniques for using aerial imagery
as a source of planning data.
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Outdoor Recreation Planning Data
The following selected references represent the range
of sources used to determine specific types and characteristics
of data used in outdoor recreation planning. Section I
concerns alternative approaches to the analysis of recreation
resources, sections II, III, and IV relate to analysis of
landscape, usage, demand, and administrative descriptors detailed
in Tables 1 through 4 of this report. Section V indicates other
specialized summaries of data sources available to the outdoor
recreation planner.
I. General Approaches to Recreation Resource Analyses
1. Harvard University, Graduate School of Design,
Landscape Architecture Research Office. Three
Approaches to Environmental Resource Analysis.
Washington: The Conservation Foundation, 1967.
2. Lewis, Philip, and Carl Steinitz. A Report to the
Public Land Law Review Commission, Section B;
A General System for Environmental Resource
Analysis'! Washington, D.C. : Public Land Review
Commission, June, 1970.
3. McHarg, Ian L. Towards a Comprehensive Landscape
Plan for Washington, D.C. Prepared by Wallace,
McHarg, Roberts, and Todd for the National Capital
Planning Commission, Washington, D.C., April, 1966.
4. National Recreation and Park Association. National
Park Recreation and Open Space Standards. Edited by
Robert E. Buechner. Washington: 1970.
5. U.S. Department of the Interior, Bureau of Outdoor
Recreation. Federal Outdoor Recreation Programs
and Recreation - Related Environmental Programs.
Washington: 1970.
6. . Outdoor Recreation Research: A
Reference Catalog. Washington: 1970, 1969, 1968.
3 vols.
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7. __. Index of Selected Outdoor Recreation
Literature, vol. IV, 1968. Washington: 1969.
8. Outdoor Recreation Review Commission. Outdoor
Recreation For America, A Report to the President
and to Congress. Washington: 1962, and the 27
volumes of background reports published separately
by The Outdoor Recreation Review Commission,
Washington, 1962.
9. National Academy of Sciences. A Program for Outdoor
Recreation Research, report on a study conference
conducted June 2-8, 1968, by the National Academy of
Sciences for the U.S. Department of Interior, Bureau
of Outdoor Recreation. Washington: National Academy
of Sciences, 1969.
10. Douglass, Robert W. Application of Remote Sensing
Techniques to Water Oriented Outdoor Recreation
Planning" Was hi ngton, D.C.: U.S. Department of the
Interior, Geological Survey, Interagency Report
U.S.G.S.-191, 1970. Available from U.S. Department
of Commerce National Technical Information Service.
II. Specific Approaches to Recreation Resource Analysis:
Landscape Descriptions'
A. Physical
1. Strahler, Arthur N. Introduction to Physical
Geography, 2d ed. New York: John Wiley &
Sons, 1970.
2. U.S. Department of Agriculture, Soil Conservation
Service. Natural Resources Inventory for
Albemarle County, Virginia '. Alhemarle County,
Virginia: U.S. Department of Agriculture Soil
Conservation Service, September, 1970.
3. U.S. Department of the Army, Corps of Engineers.
Shore Protection, Planning and Design, Technical
Report #4,3rd ed.Washington:1966.
B. Physical Quality
1. U.S. Department of Interior, Federal Water
Pollution Control Administration. Water
Quality Criteria; Report of the National
Technical Advisory Committee to the Secretary
of the Interior. Washington: 1968.
2. U.S., Statutes. The Clean Air Act. Washington:
Environmental Protection Agency, 1970.
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3. Federal Register, vol. 36, Number 67, April 7,
1971. Part II: "Environmental Protection
Agency, National Ambient Air Quality Standards:
Notice of Proposed Regulations for Preparation,
Adoption, and Submittal of Implementation Plans."
Washington: U.S. National Archieves.
4. Ozoline, Guntis et al. Rapid Survey Technique
for Estimating Community Air Pollution Emmissions,
report prepared for the U.S Department of Health,
Education and Welfare, Public Health Service,
Environmental Health Service. Washington: 1966.
5. Duprey, R.L. Compilation of Air Pollutant
Emmission Factors, report prepared for the U.S.
Department of Health, Education and Welfare,
Public Health Service, National Air Pollution
Control Administration. Washington: 1968.
6. Truner, D. Bruce. Air Quality Display Model.
Washington: U.S. Department of Health, Education
and Welfare, Public Health Service, National Air
Pollution Control Administration, November, 1969.
7. "The,.House Beautiful: Climate Control Project,
IX. Washington, D.C. Area." Bulletin of the
American Institute of Architects,(Regional
Climate Analyses and Design Data). Washington,
C.
D.C. :
1951.
Biological
1.
American Institute of Architects, January,
Benton, Allen H., and William E. Werner, Jr.
Field Biology and Ecology. New York: McGraw-Hill
Book Company, 1966.
Collingwood, G.H., and Warren D. Brush. Knowing
Your Trees. Washington, D.C.: American Forestry
Association, 1941.
Kuchler, A.W. Vegetation Mapping. New York: Ronald
Press Company, 1967.
Odum, Eugene P. Fundamentals of Ecology. Philadelphia:
W.B. Saunders Company, 1959.
Costing, Henry J. The Study of Plant Communities.
San Francisco, Calif.: W.H. Freeman and Company,
1956.
Petrides, George A. A Field Guide to Trees and
Shrubs. Boston, MassT:Houghton Mifflin Company,
1958.
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7. Phillips, Edwin Allen. Methods of Vegetation
Study. New York: Holt, Rinehart, and Winston,
1959.
8. Shelford, Victor E. The Ecology of North America.
Urbana, 111.: University of Illinois Press, 1963.
9. Virginia Academy of Sciences. James River Basin
Past, Present, and Future. Richmond, Va.: State
Printing Office, 1950.
10. Commonwealth of Virginia, Commission of Outdoor
Recreation. The Virginia Outdoors Plan, 1970.
vol. I, "Virginia's Outdoor Recreation Resources."
Richmond, Va.: State Printing Office, 1970.
11. . Environmental Resources Survey; A
Supplement to"the Virginia Outdoors Plan, 1970.li
:ichm<Ri ond, Va.: mimeograph, August. 1969.
12. State of Delaware, Delaware State Planning Office.
Delaware Comprehensive Outdoor Recreation Plan.
Dover, Del.: State Printing Office, 1970.
13. State of Maryland, Department of State Planning.
Maryland Outdoor Recreation and Open Space Plan,
Concept Plan. Annapolis, Md.: Department of
State Planning/ 1970.
14. Dulaney, Paul. Lower James River Environmental
Resource Study. Charlottesville, Va.:U.S.
Department of the Interior, Federal Water Pollution
Control Administration, 1969.
D. Accessibility and Relative Location
1. Pankey, V.S., and W.E. Johnston. Analysis of
Recreational Use of Selected Reservoirs in
California, plan formulation and evaluation studies
recreation contract report No. 1, prepared for
U.S. Army Engineer District, Sacramento. Washington:
Corps of Engineers, 1969.
2. Olsson, Gunnar. Distance and Human Interaction;
A Review and Bibliography"! Bibliography series
number 2. Philadelphia: Regional Science
Research Institute, 1965.
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E. Land Use Measures
1. U.S. Department of Commerce, Urban Renewal
Administration, Housing and Home Finance Agency
and Bureau of Public Roads. Standard Land Use
Coding Manual; A Standard System of Identifying
and Coding Land Use Activities. Washington:
1965.
2. Wilson, Stephen O., Donald J. Veevers, Bruce
Bullem, Nancy Pierson. Potential Recreation
and Open Space Areas in New York State, N.Y.S.
SCORP Technical Paper No. 6. Albany, N.Y.:
Statewide Comprehensive Recreation Plan, Office
of Parks and Recreation, 1970.
3. Metropolitan Washington Council of Governments.
General Land Use Categories, February 28, 1969.
F. Special Recreation Facility and Facility Development
Characteristics
1. Bury, Richard L. Thesaurus of Outdoor Recreation
Terms; Keywords and Cross References for the
Indexing and Retrieval of Outdoor Recreation
Literature. Washington: U.S. Department of the
Interior, Bureau of Outdoor Recreation, 1970.
2. U.S. Department of the Interior, Bureau of Outdoor
Recreation. Guidelines for Evaluating Wild,
Scenic and Recreational River Areas Proposed
for Inclusion in the National Wild and Scenic
Rivers System under Section 2, Public Law 90-542.
Washington: 1970.
3. Leopold, Luna B. Quantitative Comparison of Some
Aesthetic Factors Among Rivers. Geological
Survey Circular 620. Washington: U.S. Geological
Survey, 1969.
4. Twiss, Robert, Eugene Kojan and Arthur W. Magill.
NICASIO; Hidden Valley in Transition. San Rafael,
Calif.: Mann County Planning Department, (n.d.).
5. National Recreation and Park Association. op. cit.
6. Goodman, William I. and Eric Freud, eds. Principles
and Practice of Urban Planning, 4th ed. Chicago:
International City Managers Association, Municipal
Management Series, 1968.
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7. Delafons, John. Land-Use Controls in the United
States, 2d. ed. Cambridge, Mass.: M.I.T. Press,
1969.
8. Commonwealth of Virginia, Commission of Outdoor
Recreation. The Virginia Outdoors Plan, 1970.
Vol. I, op_.cJLt. and Vol. IV "A Plan For Meeting
Virginia's Recreational Needs and Conserving an
Outdoor Environment." Richmond, Va.: State
Printing Office, 1970.
9. Virginia Outdoor Recreation Atlas. Alexandria,
Va.: Alexandria Drafting Co., 1970.
10. U.S. Department of Agriculture, Forest Service.
Recreation Information Management; A Computer
Oriented System for the Management of Information
About People, Places and Things over Periods of
Time. An in-service training guide. Washington:
1968.
11. Barkauskas, Mary E. Hiking and Hiking Trails;
A Trails and Trail-Based Activities Bibliography.
Bibliography Series No. 20, U.S. Department of the
Interior, Office of Library Services. Washington:
1970.
12. Swim, Frances F. Bicycling and Bicycle Trails-.
A Trail and Trail-Based Activities Bibliography.
Bibliography Series No. 24, U.S. Department of the
Interior, Office of Library Services. Washington:
1971.
13. U.S. Executive Office of the President, Bureau of
the Budget. "Circular No. A 94." June 26, 1969.
Mimeographed.
14. U.S. Water Resources Council. Procedures For
Evaluation of Water and Related Land Resource
Project's"! Report to the Water Resources Council
by the Special Task Force. Washington: 1969.
Ill. Recreation Usage and Demand Descriptors
1. Clawson, Marion, and Jack L. Knetsch. Economics of
Outdoor Recreation. Baltimore: Published for
Resources for the Future, Inc., by the Johns Hopkins
Press, 1966.
2. Pankey, V.S., and W.E. Johnston. op.cit.
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3. Netherton, Ross D. "Demand Methodology and Design-
Load Factors." Washington: U.S. Department of the
Interior, Bureau of Outdoor Recreation, Division of
Research and Education, mimeographed, 1968.
4. Commonwealth of Virginia, Commission of Outdoor
Recreation. The Virginia Outdoors Plan, 1970.
op.cit., Vol. II, "The Demand and Need for Recreation."
5. State of Delaware,
6. State of Maryland,
IV. Administrative Capability Descriptors
1. U.S. Department of the Interior, Bureau of Outdoor
Recreation. Manual: "Grants-in-Aid Series, Part 630
State Outdoor Recreation Plan," 9/20/68 (Release No.
074). Mimeograph.
2. Commonwealth of Virginia, Commission of Outdoor
Recreation. The Virginia Outdoors Plan, 1970.
op. cit., vol. Ill, "Assistance Programs, Policies,
and Responsibilities—of Federal, State, and Private
Agencies Concerned with Outdoor Recreation and
Environmental Quality."
3. . The Virginia Outdoors Plan, 1969,
"Acquisition and Development Schedule for Local,
State, and Federal Recreation Agencies in Virginia,
Fiscal Years 1970-1976." Richmond, Va.: State
Printing Office, 1969.
4. State of Delaware,
5. State of Maryland,
6. Fitch, Edwin M., and John F. Shanklin. The Bureau
of Outdoor Recreation. New York: Praeger, 1970.
7. U.S. Executive Office of the President, Council on
Environmental Quality. Environmental Quality;
The First Annual Report of the Council on
Environmental Quality Together With the President's
Message to Congress. Washington: 1970.
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8. "The National Environmental Policy Act of 1969,
Public Law 91-190, January 1, 1970." U.S.
Executive Office of the President, in Council on
Environmental Quality. Environmental Quality;
The First Annual Report of the Council on
Environmental Quality Together With the President's
Message to Congress. Washington: 1970, pp. 243-
249.
9. Leopold, Luna B.; Clarke, Frank E.; Hanshaw, Bruce B.;
and Balsley, James R. A Procedure For Evaluating
Environmental Impact. Geological Survey Circular 645.
Washington: U.S. Department of the Interior,
Geological Survey, 1971.
10. U.S. Department of Transportation, Federal Highway
Administration, Bureau of Public Roads. "Policy and
Procedure Memorandum 20-8," January 14, 1969. Mimeo-
graph.
11. Massachusetts Institute of Technology, Urban Systems
Laboratory. National Cooperative Highway Research
Program; Final Report - Phase I; Study Design,
Project No. 8-8, "The Impacts of Highways Upon
Environmental Values," prepared for Highway Research
Board, National Cooperative Highway Research Program
National Academy of Sciences. Cambridge, Mass.:
M.I.T. Urban Systems Laboratory, 1969.
12. Zieman, Joseph C; Shugart, H.H.; Braiftlet, G.A.;
Ike, A.; Champlin, J.R.; and Odum, E.P. "Optimum
Pathway Matrix Analysis Approach to the Environmental
Decision Making Process. Test Case: Relative Impact
of Proposed Highway Alternatives." Athens, Ga.:
Institute of Ecology, University of Georgia, mimeo-
graphed, 1971.
13. U.S. Office of Management and Budget, Executive Office
of the President. "Circular No. A-95, February 9, 1971,
Revised." Mimeograph.
V. Specialized Data References
1. Holleb, Doris B. Social and Economic Information for
Urban Planning, VoTTI and II.Chicago:Center for
Urban Studies of the University of Chicago, 1969.
2. Creighton, Hamburg, Inc. Evaluation of Data
Requirements and Collection Techniques For
Transportation Planning. Prepared for National
Cooperative Highway Research Program, Highway
Research Board, National Academy of Sciences,
National Research Council. Contract No. HR 8-7.
Washington: Highway Research Board, mimeograph,
1970.
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Environmental information Systems
Many of the physical and social environmental data detailed
in Appendix I currently or potentially will be provided by
centralized information sources or environmental information
systems. The types, current state of development, and sources
of further information on major systems of interest to recrea-
tion planners are indicated below. As discussed in Chapter IV,
many of these systems use or propose to use remote sensing to
continue and improve existing data series. Few systems have
been funded to provide new remote sensing based data of exten-
sive use to recreation planners. However, by using and keeping
track of existing and developing information systems using
remote sensing based inputs, the planner can effectively incor-
porate such data into his own data collection program and advise
environmental information system designers of the types of
remote sensing based data he could most effectively use.
Remote sensing techniques are or may be used in each of the
three types of environmental information systems which may be
identified for use by recreation planners. The three principal
types include: (1) bibliographic, oriented toward providing
information on research results and data sources; (2) inter-
preted information, in published or digital form; and (3) primary
information provided by various monitoring devices and programs.
Information on the availability and certain characteristics
of each type of environmental information system are provided
in the following documents. Taken together these documents
indicate the range of systems but do not cover all possible
systems.
1. The MITRE Corporation, Monitoring the Environment of
the Nation. Washington, B.C.:Prepared for the
Council on Environmental Quality by the MITRE Corporation
Task 1350, MITRE Document 1660, April, 1971. Appendix D.
2. A Study of Environmental Quality in Programs of the
Federal Government.Report of the SEQUIP Committee to
the Office of Science and Technology, Office of the
President, May, 1971.
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3. Smithsonian Institution Center for Short Lived
Phenomena. National and International Environmental
Monitoring Activities; A Directory.Cambridge,
Mass.: Smithsonian Institution Center for Short
Lived Phenomena, October, 1970.
4. National Foundation for Environmental Control.
The 1970 Directory of Environmental Information
Systems. Boston, Mass.: National Foundation for
Environmental Control, 1970.
5. U.S. House of Representatives, Committee on Merchant
Marine and Fisheries, Subcommittee on Fisheries and
Wildlife Conservation. Hearing held by Ninety-First
Congress, Second Session. Environmental Data Bank,
Serial No. 91-29. Washington, B.C.: U.S. Government
Printing Office, 1970.
6. U.S. House of Representatives, Ninety-Second Congress,
First Session. To Provide for a National Environmental
Data System, Report No. 92-203. Washington, D.C.:
1971.
Information on the status of bibliographic information
systems focused on recreation planning is summarized in:
1. Van der Smissen, Betty, Diana R. Dunn, and Neil J.
Stout, eds. Recreation and Leisure Information
Systems, Status and Priorities. Washington, D.C.:
National Recreation and Park Association, 1971.
2. U.S. Department of the Interior, Bureau of Outdoor
Recreation. Outdoor Recreation Research; A Reference
Catalog. Washington, D.C.:1966, 1968, 1969,
1970. 4 vols.
3. . Index of Selected Outdoor Recreation
Literature, vol. IV, 1968.Washington:1969.
Proposals to augment environmental information systems
using remote sensing to provide primary and interpreted data
of interest to recreation planners covering regional areas or
the entire nation include:
1. Federal Coordinator for Marine Environmental Prediction.
Federal Plan For Marine Environmental Prediction Fiscal
Year 197~2~i Washington, D.C.: U.S. Department of
Commerce, National Oceanic and Atmospheric Administration,
February, 1971.
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2. Federal Coordinator for Meteorological Services and
Supporting Research. Federal Plan For A National
Agricultural Weather Service.Washington, D.C.: U.S.
Department of Commerce; National Oceanic and Atmospheric
Administration, January, 1971.
3. U.S. Department of the Interior, Bureau of Indian
Affairs and Bureau of Land Management "Natural
Resources Information System" sponsored by the
Department of the Interior, EROS Program, Washington,
D.C.
4. U.S. Department of the Interior Geological Survey,
Geographic Applications Program, proposed atlas of
urban and regional change and land use analysis
programs sponsored by the Department of the Interior,
EROS Program, Washington, D.C.
Development of environmental information systems incorpor-
ating remote sensing based data similar to those indicated
above is being monitored by two programs:
Sensors Branch
Monitoring Techniques Division
Office of Monitoring
U.S. Environmental Protection Agency
Washington, D.C.
Earth Resources Survey Discovery Program
Office of Space Sciences and Applications
U.S. National Aeronautics and Space Administration
Washington, D.C.
Other Federal and State agencies concerned with continuing
comprehensive planning are developing and expanding environmental
information systems and data banks focused at metropolitan or
other local levels. Although few of these systems currently
make extensive use of remote sensing, they are likely to do so
in the foreseeable future. Recreation planners can encourage
and cooperate in sensing developments and improved recreation
oriented information in such systems through their contacts
with State, regional, and local planning and transportation
agencies responsible for each system's development.
APPENDIX I
DATA, UNITS OF MEASUREMENT, CURRENT SOURCES,
UPDATE SCHEDULES, AND SELECTED APPLICATIONS FOR
OUTDOOR RECREATION PLANNING
KEY TO ABBREVIATIONS
Data items in the Appendix are listed under the major
heading of Landscape Descriptors, Usage Descriptors, Demand
Descriptors, and Administrative Descriptors, relating to
specific types of outdoor recreation planning analyses.
Data Items - Under each subheading, data items are listed,
followed by the most frequently required detail in area
measurement, horizontal, vertical, or speed class
measurement, and time interval measurement.
Class Intervals - Class measurement intervals in the table
are most often indicated by integers, for example, 1-2,
3-4, 5 and greater. These intervals should be inter-
preted as ranging from 0 to 2.99, 3 to 4.99, and 5 and
greater.
Metric Equivalents - Because NASA, Department of the Interior,
EROS, and other Geological Survey Mapping Programs, as
well as other government, programs are converting to the
use of metric units of measurement, throughout this
Appendix, each English unit of measurement such as an
acre or foot, and its metric equivalent has been indicated,
Metric abbreviations and conversion values are as
follows:
Area measures
Metric
English units Metric units Abbreviations
acres hectare (ha.)
(2.47 acres)
square square kilometer (sq. km.)
miles (.38 sq. miles)
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Line measures Metric
English units Metric units Abbreviations
inches centimeter (cm.)
(.39 inches)
yards meter (m.)
(1.09 yards)
miles kilometer (km.)
(.62 miles)
Agency Source Abbreviations - Agencies which are the
principal current source of each data item are listed
according to the following abbreviations, ordered under
major public and private agencies.
Department of the Interior
(USGS)United States Geological Survey
(BLM) Bureau of Land Management
(NFS) National Park Service
(BOR) Bureau of Outdoor Recreation
(BR) Bureau of Reclamation
(BSFW) Bureau of Sport Fisheries and Wildlife
(BM) Bureau of Mines
(Interior) Other data on Historic sites or general
information sources
Department of Agriculture
(USDA)Refers most often to the following agencies
Soil Conservation Service (SCS), Agricultural
Stabilization and Conservation Service (ASCS),
Economic Research Service (ERS), Statistical
Reporting Service (SRS), and the Forest Service
(FS)
Department of Commerce
(NWS)National Weather Service
(NOS) National Ocean Survey
(CENSUS) Bureau of the Census
Environmental Protection Agency
( G A P ) O f f i c e of Air Programs
(OWP) Office of Water Programs
Department of Defense
(CORPS)Department of the Army, U.S. Army Corps of
Engineers
(DOD) Special information on ownership, etc. from the
Department of Defense
Department of Transportation
(CG) Coast Guard
(FAA) Office of Noise Abatement
Department of the Treasury
(IRS)Internal Revenue Service
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Department of Housing and Urban Development
( F H A ) F e d e r a l Housing Administration
(HUD) General information on Open Space Program
Department of Health, Education and Welfare
( H E W ) R e f e r s mainly to Office of Education
information
Other Federal Agencies
(Labor)Department of Labor information
(Justice) Department of Justice
(VA) Veterans Administration
(ICC) Interstate Commerce Commission
private Recreation and Trade Association
(Trade Association)Refers to recreation associations such
as The National Recreation and Park
Association (NRPA) and to travel, sports
equipment, and other trade associa-
tions
Local Agencies
Refers to the various State, regional, local
and private agencies or groups responsible
for local monitoring of specific social and
physical processes, for example school boards,
county engineers, or State planning agencies
Update - Update refers to the schedule of checks on data item
accuracy most frequently required for recreation planning.
Types of Analyses - Types of planning analyses for which data items
are most frequently used are detailed in the last column of the
appendix.
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APPENDIX I. Data, Units of Measurement, Current Sources,
Update Schedules, and Selected Applications
for Outdoor Recreation Planning.
No. DATA ITEM
I. Landscape Descriptors
A. Physical
1. Topography
a. Slope
acres (ha.) sq.mi. (sq.km. )
by class:
0-3, 4-8, 9-12, 13-15,
16-25, 26-35, 36-50,
51-65, 66-85, 86-100,
100 plus percent.
b. Slope Direction
acres (ha.) sq.mi. (sq.km.)
by direction:
.N,NE,E,SE,S,SW,W,NW
C. Elevation
acres (ha. ) sq.mi. (sq.km. )
by class:
1-5 foot contours
20 foot contours
100 foot contours
mean, highest point
_
CURREi-JT
SOURCE
uses,
US DA,
NOS
II
n
UPDATE
with
major
natu-
ral or
•man-
made
change
n
n
PLANNING ANALYSES
Development
Access - grade, cut and fill
Structural
Landscaping - control of
vegetation, water, air,
land flow; view
Maintenance
Natural communities
Facility upkeep - control
of water, land flow
Emergency
Physical - floods, slides
Development
Access - climate consider-
ations - snow, heat
Structural - temperature
control
Landscaping - control of
vegetation
Scheduling - water and heat
retention, snow on slope,
wet or dry side of
mountains
Maintenance
Facility upkeep - control
of water
Scheduling - water and heat
retention, snow on slope
Development
Access
Structural - construction,
costs, temperature, air
flow control
Landscaping - vegetation,
view
Scheduling - climatic
conditions (snow, cold,
heat)
Maintenance
Facility upkeep - snow load
Scheduling - climatic con-
ditions, avalanches,
health conditions (oxygen,
heart conditions)
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APPENDIX I (Continued)
I. A. PHYSICAL
NO. DATA ITEM
d. Prominent Type of Land
Form:
measured in lineal
units, area,! units, and
numbers
continental shelf, reef,
barrier island, island,
beach, mud flat, dunes,
shoreline, delta,
alluvial fan, bottom-
lands, terraces, bluffs,
cliffs, rock outcrop,
floodplain, plain, pied-
mont, karst landscape,
caves, valley, canyon,
ravine, landslides, rock
glaciers, glacial
valley, cirque headwall,
moraine, mountain, butte
table land, domes,
volcano, caldera.
2. Standing Water
a. Surface Area
acres (ha. ) sq.mi . (sq.km.)
mean, weekly, monthly
CURRENT
SOURCE
uses,
US DA,
NOS
uses,
USDA,
BLM, BR,
NOS,
CORPS,
local
agency
survey
UPDATE
with
major
natu-
ral or
man-
made
change
3 - 5
years
PLANNING ANALYSES
Existing supply
Quantity - physical -
uniqueness
Development
Access
Structural-
Landscaping
Scheduling
Maintenance
Facility upkeep
Scheduling
Development
, Access - mode and length of
trip, access to water
Landscaping - aquatic
vegetation, animal (insect)
control, view
Scheduling - water retention,
soggy field, reservoir
draw down
Maintenance
Natural communities - water
availability
Facility upkeep - water
availability, flooding,
beach upkeep
Scheduling - access to water,
insect control
Emergency
Physical - flood
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APPENDIX I (Continued)
I. A. PHYSICAL
No. DATA ITEM
b. Depth
acres (ha. ) sq.mi. (sq.kra. )
by -class:
0-1,2-3,4-5,6-10,11-20,
21-50, 50 ft. (m. )+
mean weekly, monthly
c. Shoreline Lenath
yards (m. }mi. (km. )
weekly, monthly
d. Wave Climate
acres (ha. ) sq.mi. (sq.km. )
mean wave height by
classes:
0-1,1-2,3-4,5-6,7-10,
11+ ft(m.)
by direction:
N,NE,E,SE,S,SW,W,NW
weekly, monthly,
seasonally
maximum wave height
seasonal, annual, 10 yrs.
CURRENT
SOURCE
uses,
USDA,
BLM,
BR,
NOS,
CORPS,
local
agency
survey
CORPS,
USGS,
USDA,
BLM, BR,
NOS,
local
agency
survey
CORPS,
NOS,
local
agency
survey
UPDATE
3 - 5
years
ii
ti
PLANNING ANALYSES
Development
Access - mode and length of
trip, access to water
Landscaping - aquatic
vegetation, animal (insect)
control, view
Scheduling - water retention,
soggy field, reservoir
draw down
Structural - foundations
Maintenance
Natural communities - watar
availability
Facility upkeep - water
availability and silt
removal
Scheduling - access to water,
insect control, silt con-
trol
Emergency
Physical - floods, accidents
(diving, swimming, and
boating)
Development
Access
Landscaping - control of
vegetation
Maintenance
Facility upkeep - beach
control
Development
Access - mode - light vs.
heavy boat
Structural - foundation
Landscaping - vegetation
control
Scheduling - water roughness
(boatino and swimming)
Maintenance
Natural communities - erosion
control
Facility upkeep - repair
wave damage
Scheduling - water roughness-
boating, swimming
Emergency
Physical - high waves
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APPENDIX I (Continued)
I. A. PHYSICAL
No. DATA ITEM
e. Circulation Pattern
acres (ha. ) sq.mi. (sq.lun. )
mean monthly direction
and speed
f. Ice Cover
acres (ha. ) sq.mi. (sq.km. )
bv thickness class:
O". 1-1, 2-3, 4-6, 7-12, 12+
inches (cm.)
days per year
3. Water - Solid State
a. Glacial Death
acres (ha. 1 sq.mi. (sq.km. )
by class:
1-10,11-30,31-50,50+
ft. (m.)
b. Glacial Recession or
Advance
feet(m.) per year
c. Glacial Movement
feet(m.) per year
d. Snow Cover
acres (ha. ) sq.mi. (sq.km.)
bv depth class:
0-1,2-3,4-6,7-12,13-24,
25-36,37+ inches(cm.)
weekly, monthly,
maximum seasonal snow
depth
CURRENT
SOURCE
USGS,
NOS,
CORPS ,
local
agency
study
CG,
USGS,
local
agency
survey
USGS
II
tl
NOS,
BLM,
CORPS
UPDATE
3 - 5
years
n
It
M
II
n
PLANNING ANALYSES
Deve lopir.cn t
Landscaping - control of
natural communities
Emergency
Physical - pollution flow
Development
Access - mode of transport
Structural
Scheduling - seasonal
availability
Maintenance
Facility upkeep
Scheduling - safety
Development
Landscaping - permanence
Development
Access - to glacier
Landscaping - control of
water and earth movement
Scheduling - seasonal
availability
Maintenance
Natural communities
Facility upkeep
Seasonal - safety
Maintenance
Facility upkeep - access
Development
Access - mode of travel
Structural - snow loads
Landscaping - control of snow
melt and runoff
Scheduling - seasonal
availability
Maintenance
Natural communities - snow
and ice damage
Facility upkeep - control of
melt and snow damage
Scheduling - snow retention
Emerqencv
Physical - safety, storms,
avalanches
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I. A. PHYSICAL
No. DATA ITEM
4. Ground Water
a. Depth to Water Table
acres (ha. ) aq.ni . \sq.km. )
by class:
0-3,4-10,10+ feet(m.)
mean monthly
b. Flow of Ground Water
acres (ha. ) sq.mi. (sq.km. )
cu. ft. (TO.) /second by
direction:
N,NE,E,SE,S,SW,W,NW
mean monthly
c. Stored Water
acres (ha. ) sq.mi . (sq.km. )
cubic ft. (m. )
mean monthly
d. Aquifer Discharge
cubic f t. (m. ) /second
mean monthly
e. Aquifer Recharge
cubic f t. (m. ) /second
mean monthly
CURRENT
SOURCE
CORPS ,
uses,
local
agency
survey
uses,
local -
agency
survey
n
n
n
UPDATE
3 - 5
years
n
n
»
ii
PLANNING ANALYSES
Development
Access - mode of travel,
length of trip
Structural - foundations
Landscaping - vegetation
control
Scheduling - availability for
drinking
Maintenance
Natural comir.unities - water
availability
Facility upkeep - control of
water drainage
Scheduling - water accessi-
bility
Maintenance
Facility upkeep - pollution
control
Development
Structural - wells
Scheduling - seasonal
availability
Maintenance
Scheduling - water retention
Development
Structural - wells
Scheduling - water
availability
Maintenance
Scheduling - water output
Develocment
Landscaping - control of
vegetation
Scheduling - protect water-
shed
Maintenance
Natural communities -
Scheduling - protect water-
shed
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I. A. PHYSICAL
No. DATA ITEM
5. Flowing Water
a. Stream Velocity
feet .(m.) /second over
100 yards (ni.) miles (km.)
mean weekly, monthly
maximum and minimum
seasonal stream velocity
b. Mean Monthly Width of
Stream
over 100 yards (m.J,
mile (km. )
'feet(m.) miles (km.)
c. Stream Depth
over 100 yards (m. ) ,
mile (km. )
feet(m.) miles(km.)
mean weekly, monthly
maximum and minimum
seasonal stream depth;
feet (m.)
CURRENT
SOURCE
CORPS,
USGS ,
local
agency
survey
n
it
UPDATE
3 - 5
years
n
H
PLANNING ANALYSES
Development
Access - mode of travel
and distance
Structural - foundations
Landscaping - control of
water
Scheduling - type of activity
Maintenance
Natural communities - erosion
control
Facility upkeep - control of
water floodina
Scheduling - water roughness,
boating and swimming
Emergency
Physical - floods
Development
Access - mode of transport,
canoe, large boat
Structural - foundation
Landscaping - control of
water movement
Scheduling - type of activity
Maintenance
Natural communities - water
availability
Facility upkeep - control
of water movement,
retention of water
Scheduling - water access,
usability
Emergency
Physical - floods
Development
Access - mode of transport,
canoe, large boat
Structural - foundation
Landscaping - control of
water movement
Scheduling - type of activitv
Maintenance
Natural communities - water
availability
Facility upkeep - control of
water movement,
retention of water
Scheduling - water access,
usability
Emergency
Physical - accidents
(swinging and boating)
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APPENDIX I (Continued)
I. A. PHYSICAL
No. DATA ITEM
d. Ice Cover
acres (ha. ) sq.mi . (sq.km. )
bv thickness class:
0". 1-1, 2-3, 4-6, 7-12, 12 +
inches (cm. )
e. Tides
over miles (km. )
by height class:
0-1,2-3,4-8,9-16,17+
feet (m.)
mean monthly high and
low
maximum and minimum
seasonal tide
f. Bottom Material
acres (ha. ) sq.mi . (sq.km. )
in standing and flowing
water
by type:
mud, clay, sand, rock,
vegetation
g. Impediments to Navigation
in standing and flowing
water over 100 yds.(m.)
or miles (km.) stretch
or acres (ha. ) sq.mi. (sq.
km.)
by type:
shoals, reefs, rocks,
falls, rapids, logs,
junk, shipwrecks,
vegetation, overhanging
structures and materials
seasonal
CURRENT
SOURCE
CORPS,
uses,
local
agency
survey
NOS
CORPS,
NOS,
BR,
local
agency
survey
n
UPDATE
3 - 5
years
with
major
natu-
ral or
man-
made
change
3 - 5
years
ti
PLANNING ANALYSES
Develooment
Access - mode of transport
Structural - ice damage
Landscaping - ice damage
Scheduling - seasonal
activities
Maintenance
Natural communities -
freezing, ice scarring
Facility upkeep - ice
cleaning
Scheduling - ice roughness,
thickness
Emergency
Physical - boating and
skating accidents
Development
Access - mode of transport
Structural - foundations
Landscaping - control of
natural communities
Maintenance
Facility upkeep - control of
. water and sediment movement
Scheduling - water roughness,
rip currents
Development
Structural - foundations
Landscaping - control of
vegetation
Maintenance
Natural communities
Facility upkeep - control of
siltation, erosion,
turbidity
Development
Access - mode and distance
Scheduling - seasonal (rocks
at low water)
Maintenance
Facility upkeep - removal
Scheduling - restrict boating
Emeroency
Physical - boating accidents
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APPENDIX I (Continued)
I. A. PHYSICAL
No. DATA ITEM
h. Special Water Features
by 100 yd.(m.)/ mile
(km.) stretch or by
acres ! ha. ) sq.mi. (sq.km. )
Geomorphic type:
horizontal - straight,
braided, meandering,
underground rivers,
disappearing rivers,
lakes, ponds, bogs,
reservoirs, marshes,
swamps, canal, ocean,
estuaries, bays, sounds
aquifer recharge areas
vertical - falls, sink
holes, rapids, geysers
Sources: springs
Shoreline type: cliffs,
bluffs, mud, rocks,
sand, vegetative over-
hang
Stream discharge:
seasonal
6. Fires
a. Area Burned
acres (ha. ) sq.mi. (sq.km. )
surface or crown fire
seasonal
7. Geology and Soils
a. Soil Type
acres (ha. ) sq.mi . (sq.km.)
by particle size:
sand, clay, silt, and
subclasses
CURRENT
SOURCE
uses,
NOS,
local
agency
survey
USDA,
NFS,
local
agency
survey
uses,
USDA,
BR,
BLM
UPDATE
with
major
natu-
ral
or
man-
made
change
with
occur-
rence
with
major
natu-
ral or
man-
made
change
PLANNING ANALYSES
Existing supply
Quantity - physical
Development
Access
Structural
Landscaping
Scheduling
Maintenance
Natural communities
Facility upkeep
Scheduling
Emergency
Development
Structural - fireproof
Landscaping - replanting
trails
Scheduling - seasonal fire
potential
Maintenance
Natural communities
Facility upkeep - fire
containment
Emergency
Physical - fire danger
Development
Access - mode of transport
Structural - foundations,
compaction
Landscaping - vegetation and
erosion control
Scheduling - activity seasons
Maintenance
Natural communities - erosion
control
Facility upkeep - control of
soil movement, compaction
Scheduling - soil conditions
of water, freezing
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APPENDIX I (Continued)
I. A. PHYSICAL
No. DATA ITEM
b. Soil Depth
acres (ha. ) sq.mi. (sq.km.)
feet(m.) to bedrock
c. Subsurface Material Types
acres (ha. ) sq.mi. (sq.km. )
by class:
sedimentary, igneous,
metamorphosed, and
subclasses
d. Subsurface Structure
acres (ha.) sq.mi. (sq.km.)
by type:
bedding planes, angles,
intrusions, fracturing,
faulting, joints
8. Atmospheric Variables
a. Insolation
acres { ha. ) sq.mi. (sq.km.)
mean Langleys per month
b. Cloud Cover and. Height
acres (ha. ) sq.mi. (sq.km. )
days per year by
percentage cover, by
ceiling height
CURRENT
SOURCE
uses,
US DA,
BR,
BLM
uses
uses
NWS,
local
agency
survey
UPDATE
with
ma 3 or
natu-
ral or
man-
made
change
n
n
3 - 5
years
3 - 5
years
PLANNING ANALYSES
Development
Access - grade, excavation
Structural - foundations,
excavation
Landscaping - potential .
plantings, earth moving
Maintenance
Natural communities - ercsion
control
Development
Access - length of trip,
excavation
Structural - foundation
Development
Access - length of trip
Structural - earth movement
Landscaping - water and earth
flow control
Emergency
Physical - earthquakes,
slides
Development
Structural - control of heat
and light
Scheduling - seasonal
activity
Maintenance
Natural communities - light
availability
Facility upkeep - control of
heat and light
Scheduling - available sun-
shine
Development and Maintenance
Same as for 8a above
Emergency
Physical - flying accidents
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I. A. PHYSICAL
No. DATA ITEM
c. Cloud Thickness
acres (ha. ) sq.mi . (sq.km.)
by thickness classes:
0-1,2-3,4-6,6-10,10+
thousand ft.(m.)
days per year
d. Horizontal Visibility
ft. (m.)mi. (km. )
haze, fog, smog, smoke
days per year
e. Surface Roughness Height
acres (ha. ) sq.mi. (sq.km. )
f. Precipitation
acres (ha. ) sq.mi. (sq.km. )
inches (cm.)
by type:
rain, snow, sleet, hail
days with creci citation ,
mean monthly precipi-
tation
CURRENT
SOURCE
NWS,
local
agency
survey
it
local
agency
survey
NWS,
local
agency
survey
UPDATE
3 - 5
years
n
with
major
natu-
ral or
man-
made
change
3 - 5
years
PLANNING ANALYSES
Development
Structural - control of
heat and light
Scheduling - seasonal
activity
Maintenance
Natural communities - light
availability
Facility upkeep - control
of heat and light
Scheduling - available sun-
shine
Emergency
Physical - flying accidents
Development
Structural - control of
heat and light
Scheduling - seasonal
activity
Maintenance
Natural communities - light
availability
•Facility upkeep - control of
heat and light
Scheduling - available sun-
shine, seasonal distribu-.
tion of fog, view
Emergency
Physical - transportation
accidents
Development
Structural - heat retention
Landscaping - control of wind
and vegetation
Maintenance
Natural communities - wind
damage
Facility upkeep - pollution
control
Scheduling - seasonal
Development
Access - mode and length of
trip
Structural - water control
Landscaping - water and soil
movement
Scheduling - activity
Maintenance
Natural communities - water
availability
Facility upkeep - control of
•water and erosion
Schcdulinn - acce^sibilitv
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I. A. PHYSICAL
No. DATA ITEM
a. Humidity
'acres (ha. ) sq.mi. (sq.km.)
mean centimeters of
water in column of
atmosphere
h. High Energy Storms
sq.mi. (sq.km. )
number per year by
month by type by
maximum wind speed:
thunderstorms ,
tornadoes, hurricanes
i. Regional Winds
sq.mi. (sq.km. )
by velocity and
direction class:
1-3,4-6,7-9,10-12,13-15,
16-20,21-30,31+mph(kmph)
by direction:
N,NE,E,SE,S,SW,W,NW
mean monthly
CURRENT
SOURCE
NWS,
local
agency
survey
n
n
UPDATE
3 - 5
years
u
n
PLANNING ANALYSES
Development
Structural - moisture
control
Scheduling - seasonal or
hourly activity
Maintenance
Facility upkeep - moisture,
mildew control
Scheduling - comfort
Development
Access - mode and length of
trip
Structural - wind and water
control
Landscaping - control of
wind and water- runoff
Scheduling - seasonal
occurrence
Maintenance
Natural communities - wind
damage removal
Facility upkeep - wind and
water damage removal
Scheduling - maintaining
accessibility
Emergency
Physical - accidents
associated with storms
Development
Structural - wind control,
air temperature control'
Landscaping - air tempera-
ture control, wind
protection
Scheduling - seasonal
activity
Maintenance
Natural communities - wind
damage removal
Facility upkeep - tempera-
ture retention, wind
control
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I. A. PHYSICAL
No. DATA ITEM
j. Local Winds
sq.mi. (sq.km.)
by 'type:
urban, land and sea
Dreeze, mountain and
valley
by velocity and
direction class:
N,NE,E,SE,S,SW,W,NW
mean monthly and
maximum velocity
k. Inversion
sq.mi. (sq.km. )
by type :
nocturnal, regional,
or aloft
by number of days per
year (note when inver-
sion on one, two, three
or more consecutive
days)
CURRENT
SOURCE
NWS,
local
agency
survey
it
UPDATE
3 - 5
years
n
PLANNING ANALYSES
Development
Structural - wind and
temperature control
Landscaping - wind control,
chilling factors
Scheduling - seasonal
activity
Maintenance
Natural community
Facility upkeep - wind
damage removal
Development
Structural - pollution
control
Landscaping - pollution
damage
Scheduling - periodicity
Maintenance
Natural communities -
sensitivity
Facility upkeep - cleaning,
pollution control
Emergency
Physical - toxic pollution,
emphysema
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I. B. PHYSICAL QUALITY
No. DATA ITEM
B. Physical Quality
1. Air and Water Quality
a. Air and Water Chemical
Composition Percentage
acres (ha. ) so. mi. (sq.km. )
by element in ppm.ppb,
or ppt and pH of water
commonly measured,
• (density, pHjOjjCO-,
N03,N02,P04,CO,S02,Mg,
NO,Cl,Si,Mn,H,S)
b. Ratio of Organic to In-
organic Material in
Water
acres (ha. } sq. mi. (sq.km. }
c. Water Turbidity
acres (ha. ) sq.mi. (sq.km. )
in mg per liter, secci
disk measure
d. Water Siltation Rate
acres (ha. ) sq.mi. (sq.km. )
acre-ft. per year
(m3 per year)
e. Air and Water Temperature
sq.mi. (sq.km. )
in °C or °F (mean
monthly)
by height or depth
classes
CURRENT
SOURCE
OAP,
OWP ,
local
agency
survey
OWP,
local
agency
survey
n
OWF,
CORPS ,
BR, BLM,
local,
agency
survey
NWS,
OWP,
local
agency
survey
UPDATE
annual
annual
n
n
n
PLANNING ANALYSES
Develooment
Structural - erosion
potential
Landscaping - possible
vegetation
Maintenance
Natural communities
Facility upkeep - chemical
damage, clean-up
Scheduling - pollution
Emergency
Physical - increase in
pollution levels
Development
Structural - usage having
added oxygen demand
Landscaping - clean up
excess organic material
Maintenance
Natural communities - view
Emergency
Physical - change in ratio
may indicate harmful input
to water system
Emergency
Physical - increased health
hazard, aesthetic irritants
Development
Structural - retaining walls,
breakwaters
Landscaping - catchnents
Maintenance
Facility upkeep - dredging
Development
Structural - design for in-
sulation, temperature
regulators
Scheduling - seasonal tem-
perature climates
Maintenance
NaturaJ communities - storage
and release of water
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I. B. PHYSICAL QUALITY
No. DATA ITEM
2. Soils
a. Chemical and Physical
Composition
acre's (ha. ) sq.mi. (sq.km.)
by volume of minerals
and percentage of
elements in ppm, ppb,
or ppt, including water
content; by size, shape,
and bonding of soil
particle characteristics
3. Geologic Substructure
a. Chemical Composition
percentage
acres (ha. ) sq.mi. (sq.km.)
by mineral, compound,
or element, including
water
4. Special Quality Features
a. presence of:
acres (ha.) sq.mi. (sq.km.)
urban sewerage; color of
the water, ice, air,
soil, or vegetation;
presence of sulfur
springs; pollution in
excess of administrative
Standards; oil slicks;
erosion rates; herbi-
cides; pesticides,
fertilizers, and
industrial toxins;
water-borne diseases
CURRENT
SOURCE
USC-S .
US DA,
BR,
local
agency
survey
uses,
US DA,
BM,
local
agency
survey
OWP,
US DA,
OAP,
local
agency
survey
UPDATE
with
major
natu-
ral or
man-
made
change
n
annual
PLANNING ANALYSES
Existing Supply
Quality - physical
Quantity - physical
Development
Structural - erosion,
potential, building mater-
ials
Landscaping - vegetation
sensitivity, fertility
Acquisition - mineral
deposits, alternate usage
Maintenance
Facility upkeep - due to
erosion, fertility change
Development
Acquisition - mineral
deposits
Maintenance
Facility upkeep - subsidence
Existing Supply
Quality - physical
Development
Structural - sewerage
processing equipment,
protection devices
Landscaping - possible
vegetation
Acquisition - cost of
elimination or enhancement
Scheduling - seasonal fluc-
tuations in quality
Maintenance
Natural community - view
erosion
Facility upkeep - pollution
damage
Scheduling - season of
pollution or occurrence of
special features
Emergency
Physical - pollution
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I. B. PHYSICAL QUALITY
No. DATA ITEM
b. Presence of Noise
so. mi. (sq.lcm. )
decibels
daily, average, and
maximum
CURRENT
SOURCE
FAA,
local
agency
survey
UPDATE
annual
PLANNING ANALYSES
Development
Structural - noise abatement
Maintenance
Natural communities - animal
care
Facility upkeep - sonic booms
Emergency
Physical - pollution
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I. C. BIOLOGICAL
No. DATA ITEM
C. Biological
1. Veqetation
a. Vegetation Habitat Type
by Soil Moisture Class
acres (ha. ) sq. mi. (sq. km. )
i. Free water
(emergent plants)
(lakes)
ii. Water saturated
(litter detritus)
iii. Soil water at field
capacity (soggy field,
bog)
iv. Semi-saturated soil
(water metastable)
(grassland, deciduous
forest, coniferous
forest)
v. Dry soils (water
metastable)
(desert, beach,
mountain)
b. Perimeter Measure
acres(ha.) sq.mi . (sq.km.
continuous units of
vegetation in ft.(m.)
miles (km. )
c. Crown Closure
coverage by species by
class:
continuous 75%; inter-
rupted 50-75%; clumps,
rows 25-50%; uncommon
5-25%, sporadic 1-5%;
rare 1%
CURRENT
SOURCE
US DA,
Inter-
ior ,
local
agency
survey
USDA,
Inter-
ior,
local
agency
survey
USDA,
BLM,
BFA,
BR,
local
agency
survey
UPDATE
3 - 5
years
rural,
1 - 3
years
urban
fringe
11
it
PLANNING ANALYSES
Development
Structural - building mate-
rials, protection of certain
species
Landscaping - amount of clear-
ing, type of vegetation that
could be introduced
Maintenance
Natural communities -
fertilizing, pruning
Facility upkeep - clean-up,
leaves
Development
Structural - fencing
Landscaping - clearing
Maintenance
Natural communities -
maintaining boundaries
Development
Structural - building mate-
rials
Landscaping - amount of
clearing
Maintenance
FacilTty upkeep - raking
leaves
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APPENDIX I (Continued)
I. C. BIOLOGICAL
No. DATA ITEM
d. Vegetation Height
acres (ha.) sq.mi. (sq.km. )
by class:
0.1-0.5 meters, 0.5-2
meters, 2-5 meters,
5-10 meters, 10-20
meters, 20-35 meters,
greater than 35 meters
e . Physical Quality
acres (ha.) sq.mi. (sq.km.)
vegetation damaged by
disease, parasites, or
nutrient deficiencies
2. Animals (see attached list
of species found in Lower
James River Basin)
a . Mamma 1 s
acres (ha. ) sq.mi. (sq.km. )
species by age distri-
bution
b. Birds
acr e s ( ha . ) sq . mi . ( sq . km . )
species by age distri-
bution
c. Fish
acres (ha. ) sq.mi. (sq.km. )
species by age distri-
bution
CURRENT
SOURCE
USDA,
local
agency
survey
USDA,
local
agency
survey
BSFW,
USDA,
Inter-
ior,
local
agency
survey
it
n
UPDATE
3 - 5
years
season-
al
3 - 5
years
ii
H
PLANNING ANALYSES
Development
Structural - building
material, height of
structure
Landscaping - amount needed
to protect against falling
timber
Maintenance
Natural community - mowing,
pruning
Development
Landscaping - replacement of
diseased stock
Maintenance
Natural Communities -
spraying removal, of
diseased stock
Emergency
Diagnosis and treatment of
epidemics
Development
Structural - cages, retaining
devices, deterrent devices,
bright lights
Landscaping - highlighting
habitats
Scheduling - nesting,
hunting seasons
Maintenance
Natural communities - animal
care, spraying, hunting
Facility upkeep - damage due
to animals
Emergency
Physical - wounded animals,
disease carriers
Same as for (a) above
Same as for (a) above
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I. C. BIOLOGICAL
No. DATA ITEM
d. Reptiles
acres (ha. ) sq.mi. (sq.km.)
species by age distri-
bution
e. Insects
f . Physical Quality
CURRENT
SOURCE
USDA,
BSFW,
local
agency
survey
n
USDA,
Inter-
ior,
local
agency
survey
UPDATE
3 - 5
years
n
season-
al
PLANNING ANALYSES
Development
Structural - cages, retaining
devices, deterrent devices,
bright lights
Landscaping - highlighting
habitats
Scheduling - nesting,
hunting seasons
Maintenance
Natural communities - animal
care, spraying, hunting
Facility upkeep - damage due
to animals
Emergency
Physical - wounded animals,
disease carriers
Same as for (d) above
Development
Replacement of unhealthy
stock
Maintenance
Removal and replacement of
unhealthy stock
Emergency
Diagnosis and treatment of
epidemics
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APPENDIX I (Continued)
I. D. LOCATION RELATIVE TO COMPETING
RESOURCES AND DEMAND
No. DATA ITEM
D. Location Relative to
Competing Resources and
Demand
1. Location of Resource
Relative to Other Comple-
mentarv or Coreneti tive
Recreation Sites in
Service Area
a. Distance in Miles (km.) or
Time to Other Recreation
Facilities by BOR Classes
I-IV or Other Classifi-
cation
with acreage (ha.) and
facilities at each site
indicated
(See Land Use and
Facilities Lists)
b. Gravity Model Estimate
of Proximity to Other
Recreation Resources
2. Location of Resource
Relative to Demand
a. Distance to Population
Groups in Service Area
With Known Participation
Ratios for Soecific
Recreation Resource
mi. (km. )
(See Demand Lists)
b. Gravity Model Estimates
of Accessibility of
Population to Recreation
Resource
by distance zones
CURRENT
SOURCE
local
agency
survey
it
local
agency
survey,
highway
depts.
ii
UPDATE
3 - 5
years
or
with
Facil-
ity
Change
it
3 - 5
years
M
PLANNING ANALYSES
Demand
Participation rates - ease of
access
Existing supply
Quantity - physical, unique-
ness
Accessibility
Location relative to demand
Demand
Participation rates - ease ot
access
Existing supply
Quantity - physical, unique-
ness
Accessibility
Location relative to demand
Demand
Participation rates - ease of
access
Existing supply
Quantity - physical, unique-
ness
Accessibility
Location relative to demand
Demand
Participation rates - ease of
access
Existing supply
Quantity - physical, unique-
ness
Accessibility
Location relative to demand
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APPENDIX I (Continued)
I. D. LOCATION RELATIVE TO COMPETING
RESOURCES AND DEMAND
No. DATA ITEM
3. Traffic on Transportation
Routes
Mean hourly vehicles per
mile (km.) on air, land,
water routes used urimar-
ily for recreation travel
(parkway)
Peak hourly vehicles per
mile (km. ) on recreation
routes
4. User Travel Characteris-
tics
a. User Origin and
Destination bv Resource
number and origin by
place of residence or
distance zone entering
resource
number and origin of
users moving within a
resource by place or
distance zone
destination of all
users leaving resource
by place or distance
zone
b. User Mode of Travel To
and From Recreation
Resource
number of users by:
walk, horseback, cycle,
motorcycle, auto, train,
air, boat
c. User Travel Time and
Timing To and From
Recreation Resource
by major modes of travel
from main routes of
origin: peak season
weekend, off-season week-
end, peak season week-
day, off-season weekday;
if trip begins: morning
midday,, afternoon,
evening; average time
spent on arrival at
resource seekir.c parking
or lodgina
CURRENT
SOURCE
local
agency
survey,
TCC,
FAA
local
agency
survey,
Trade
Associ-
ations
local
agency
survey,
FAA,
Trade
Associ-
ations
it
UPDATE
3 - 5
years
or
with
change
M
It
fl
PLANNING ANALYSES
Demand
Participation rates
Existing supply
Quality - physical, (travel
space, uniqueness)
Accessibility
Ease of access - route
congestion
Demand
Participation rates
Accessibility
Ease of access - congestion
Demand
Participation rates
Accessibility .
Ease of access - congestion
Demand
Participation rates
Accessibility
Ease of access - congestion,
costs
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I. D. LOCATION RELATIVE TO COMPETING
RESOURCES AND DEMAND
No. DATA ITEM
d. User Travel Distance
Route miles (km. ) to
recreation resource
from main points of
origin by main modes
of travel
Direct line distance
miles (km.) to recrea-
tion resource from main
points of origin
e. User Travel Costs:
Estimated dollar cost of
travel to and from
recreation resource and
main points of origin
or destination by mode
of travel
CURREMT
SOURCE
Trade
Associ-
ations,
local
agency
survey
n
UPDATE
3 - 5
years
or
with
change
n
PLANNING ANALYSES
Demand
Participation rates
Accessibility
Ease of access - congestion,
costs
Demand
Participation rates
Accessibility
Ease of access - congestion,
costs
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I. E. LAND USE MEASURES
No. DATA ITEM
E. Land Use Measures
1 . Agricultural
a. Forest
acres (ha. ) sq.rai. (sq.km.)
by height in ft.(m.)
by percentage typo:
conifer, deciduous
b. Brush
acres (ha. ) sq.ini. (sq.km.)
by percentage type:
low brush, young trees
c. Natural Meadow
acres (ha. ) sq.mi . (sq.km. )
d. Field Crops
acres (ha. ) sq.mi. (sq.km. )
by type and by
irrigation in Lower
James River area, Va. :
corn, peanuts, soybean.
wheat, tobacco, truck,
farm pasture, range
grazing lands
CURRENT
SOURCE
USDA,
Census,
local
agency
survey
n
ii
UPDATE
3 - 5
years
rural;
1 - 3
years
urban
area
n
n
n
PLANNING ANALYSES
Development
Access - construction costs,
clearing
Structural - building
materials
Landscaping - control of
vegetation
Scheduling - harvest, hunting
seasons
Maintenance
Natural communities -
reforesting
Facility upkeep - clean-up
Scheduling - fire danger
Development
Access - construction costs,
clearing
Structural - building
materials, blinds
Landscaping - control of
vegetation
Scheduling - harvest, hunting
seasons
Maintenance
Natural communities -
reforesting
Facility upkeep - clean-up
Scheduling - fire danger
Development
Access - construction costs,
clearing
Landscaping - control of
vegetation
Scheduling - harvest,
hunting, flower season
Development
Access - construction costs
Landscaping - control
vegetation, provide water
Scheduling - affected by
work schedule (harvests)
Maintenance
Natural communities
Scheduling - affected hy
work .schedule
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I. E. LAND USE MEASURES
No. DATA ITEM
e. Farm Ponds
acres (ha . ) sq.ir.i. (sq.km. )
f. Wetland Agriculture
acres (ha. ) sq.ini. (sq.km. )
by type :
cranberries, cypress
swamp
g. Marine Agriculture
acres (ha. ) sq.mi . (sq.km. )
h. Farm Structures
sq. f t. (m. )
housing, barns, out-
buildings
2. Water and Wetlands, Non-
Agricultura
a. Dcims
ft.(m.)
length, height
CURRENT
SOURCE
USUA,
Census,
local
agency
survey
it
n
Census,
HUD,
local
agency
survey
USDA,
CORPS ,
local
agency
survey
UPDATE
3 - 5
years
rural;.
1 - 3 •
years
urban
area
it
ii
ii
PLANNING ANALYSES
Development
Access - construction
Landscaping - control of
biology
Scheduling - affected by
work schedule
Maintenance
Natural communities
Scheduling - affected by
harvest
Same as for (e) above
Development
Access
Structural - foundations
Landscaping - control of
biology
•Scheduling - affected by
work schedule
Maintenance
Natural communities
Scheduling - seasonal
Development
Structural - clearing or
repair
Maintenance
Facility upkeep
Development
Access - change route loca-
tions, create bridge
Structural - construction
costs
Maintenance
Facility upkeep
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I. E. LAND USE MEASURES
No. DATA ITEM
b. Major Fresh Water Areas
acres (ha. ) sq. mi. (sq.km. )
imooundments, reservoirs
bays, lakes
(See Physical Features
special water
characteristics)
c. Wetlands
acres (ha. ) sq.mi. (sq.km. )
by type:
swamp, marsh
(See Physical Features
special water
characteristics)
d. Marine
acres (ha.) sq.mi. (sq.kir. . )
by type:
estuary, bay, sound,
continental shelf
(See Physical Features
special topographic
and water characteris-
tics)
3. Mining, Current or
Abandoned
a. Mining Areas
acres (ha. ) sq.mi. (sq.km. )
by type :
open pit, coal, metals,
salt, quarry, under-
ground, spoil bank, oil
CURRENT
SOURCE
USDA,
CORPS ,
local ,
agency
survey
n
USDA,
CORPS ,
NOS,
local
agency
survey
uses,
local
agency
survey
UPDATE
3 - 5
years
rural;
1 - 3
years
urban
area
n
ii
PLANNING ANALYSES
Development
Access - construction costs
Structural - foundations
Landscaping - control of
vegetation and water
Scheduling - based on
availability and quality
Maintenance
Natural communities
Scheduling - based on
availability
Same as for (b) above
Same as for (b) above
Development
Access - construction costs,
distance
Structural - foundations
Landscaping - vegetation con-
trol, siltation, pollution
control
Scheduling - affected by
. work schedule
Maintenance
Natural communities
Facility upkeep - clean-up
and pollution control
Scheduling - based on work
schedule
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I. E. LAND USE MEASURES
No. DATA ITEM
b. Milling Operations
sq. ft. (m. )
4- Cleared Land
acres (ha. ) sq.mi. (sq.km.)
by type construction:
little vegetation,
dredge and fill
5. Wasteland, Unutilized,
Conservation
acres (ha. ) sq.mi. (sq.km.)
by type :
deserts, tundra, alpine
6. Transportation
a. Highways
mi. (km.) or acres (ha.)
sq.mi. (sq.km. )
by lanes:
2 lanes, 4 lanes,
greater than 4
by surfacing:
hard or unsurfaced
CURRENT
SOURCE
uses,
local
agency
survey
n
n
local
agency
survey,
state
and
local
highway
dept.
UPDATE
3 - 5
years
rural;
1 - 3
years
urban
area
ii
n
3 - 5
years
rural;
1 - 3
years
urban
areas
PLANNING ANALYSES
Development
Structural - clearing or
repair
Maintenance
Facility upkeep
Development
Aqcess - construction costs
Structural - foundations
Landscaping - vegetation and
water control
Maintenance
Natural communities
Facility upkeep - clean-up
Development
Access - construction costs
Structural - foundations
Landscaping - vegetation and
water control
Scheduling - with biologic,
weather, and water changes
Maintenance
Natural communities
Facility upkeep - clean-up
Scheduling - with biologic,
weather, and water changes
Existing supply
Quantity - physical (available
routes for recreation
travel
Accessibility
Ease of access - alternative
routes, travel time and
costs
Development
Access - construction
Structural - sound-proofing
Landscaping - view
Scheduling - based on traffic
schedule or density
Maintenance
Facility upkeep
Scheduling - based on traffic
schedule or density
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I. E. LAND USE MEASURES
No. DATA ITEM
b. Railroad
miles (km.) or acres (ha.)
sq.mi. (sq.km.)
number of tracks,
railyards
c. Airports
acres (ha . ) sq . mi . ( sq . km . )
by surfacing:
hard, unsurfaced
d. Bridges, Tunnels
length, ft. (m.)
e. Harbors and Ports
acres (ha. ) sq.mi. (sq.km. )
f. Terminals
acres (ha. ) sq.mi. (sq.km.)
goods, passenger
g. Canals and Locks
•miles (km.)
h. Density of Transport
Network
route miles (km.) per
sq.mi . (sq. km. )
by mode in main service
region of recreation
resource, orientation
toward .or perpendicular
to resource
Quality of service or
surface
CURRENT
SOURCE
local
agency
survey,
ICC
local
agency
survey,
FAA
local
agency
survey
local
aaency,
ICC,
CORPS
n
ti
local
agency
survey
UPDATE
3 - 5
years
rural;
1 - 3
years
urban
areas
n
it
ti
n
M
n
PLANNING ANALYSES
Existing supply
Quantity - physical
(available routes for
recreation travel)
Accessibility
Ease of access - alternative
routes, travel time and
costs
Development
Access - construction
Structural - sound-proofing
Landscaping - view
Scheduling - based on
traffic schedule or density
Maintenance
Facility upkeep
Scheduling - based on traffic
scheduling or density
same as for (b) above
same as for (b) above
same as for (b) above
same as for (b) above
same as for (b) above
sane as for (b) above
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I. E. LAND USE MEASURES
No. DATA ITEM
7. Residential
a. Rural
sq.ft. (m.) by sq.mi.
(sq.km.)
b. Urban Low Density
sq.ft.(m.) per acre(ha.)
or sq.mi . (sq.km. )
c. Urban Medium Density
sq.ft. (m.) per acre(ha.)
sq.mi. (sq.km. )
d. Urban High Density
sq.ft.(m.) per acre(ha.)
sq.mi. (sq.km. )
e. Mobile Homes
number per acre (ha.)
sq.mi. (sq.km. )
f. Boat Houses
number per mile (km.)
shoreline
CURRENT
SOURCE
Census,
HUD,
local
agency
survey
n
tt
n
if
n
UPDATE
. 5 - 5
years
rural;
1 - 3
years
urban
areas
n
II
n
n
n
PLANNING ANALYSES
Demand
Effective - income, social
characteristics
Existing supply
Quantity - physical (yard
space)
Accessibility
Location relative to
recreation space
Development
Access - clearing
Structural - repair, clearing
Landscaping - view
Scheduling - related to
usage pattern of surround-
ing residential land use
Maintenance
Facility upkeep
Scheduling - related to usage
patterns of surrounding
residential land use
same as for (a) above
same as for (a) above
same as for (a) above
same as for (a) above
same as for (a) above
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I. E. LAND USE MEASURES
No. DATA ITEM
8. Commercial, Including
Parking Space
a. Low Density Retail [less
than 1 unit per 10 acres
(ha.)]
sq.ft. (sq.m. )per sq.mi.
(sq.km. )
b. High Density Retail
sq.ft. (sq.m.) per acre
(ha.) or sq.mi. (sq.km. )
shopping center, auto
row, other strip
commercial
c. Wholesale Warehousing
sq.ft. (sq.m. ) per acre
(ha.) or sq.mi. (sq.km.)
d. Office
sq.ft.fm.) per acre
(ha.) or sq.mi. (sq.km. )
e. Parking
sq.ft. (sq.m. ) per acre
(ha.) or sq.mi. (sq.km. )
CURRENT
SOURCE
Census,
local
agency
survey
n
it
n
n
UPDATE
3 - 5
years
rural ;
1 - 3
years
urban
areas
n
n
n
it
PLANNING ANALYSES
Existing supply
Quantity - physical (parking
space for recreation park-
ing and recreation)
Development
Access - clearing ccsts
Structural - build or repair
Landscaping - view
Scheduling - access to
services; affected by work
schedule on surrounding
land
Maintenance
Facility upkeep - local
services
Scheduling - seasonal
availability, work schedule
on surrounding land
same as for (a) above
same as for (a) above
same as for (a) above
same as for (a) above
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I. E. LAND USE MEASURES
No. DATA ITEM
9. Industrial, Including
Parking -Space
a. Light
(no air, noise, water,
traffic pollution)
sq.ft. (sq.m. ) acres(ha.)
by SIC Code
b. Medium
(limited pollution
characteristics)
sq.ft. (sq.m. ) acres(ha.)
by SIC Code
c. Heavy
(high pollution
characteristics)
sq.ft. (sq.m. ) acres(ha.)
by SIC Code
d. Utilities
ft.(m.) miles (km.) or
sq.ft. (sq.m. ) sq.mi.
(sq.km. )
by type:
substations, powerlines,
gas manufacture, aque-
ducts, sewage treatment
plants, solid waste
disposal areas,
maintenance areas
CURRENT
SOURCE
Census,
local
agency
survey
n
n
n
UPDATE
3 - 5
years
rural;
1 - 3
years
urban
areas
n
n
it
PLANNING ANALYSES
Existing supply
Quantity - physical (parking
space for recreation
parking and recreation)
Development
Access - clearing costs
Structural - build or repair
Landscaping - view
Scheduling - affected by
work schedule on
surrounding land
Maintenance
Facility upkeep - local
services
Scheduling - seasonal
availability, work schedule
on surrounding land
same as for (a) above
same as for (a) above
same as for (a) above
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I. E. LAND USE MEASURES
No. DATA ITEM
10. Institutional
a. Religious Facilities
sq. f t . (sq.m. ) buildings;
acres (ha.) associated
land
b. Education Facilities
sq. ft. (sq.m. ) buildings;
acres (ha.) associated
land
c. Health Facilities
sq.ft. (sq.m. ) buildings;
acres (ha.) associated
land
d. Military
acres (ha. ) sq.mi. (sq.km. )
by type of land use:
residential buildings,
training, open space
e. Cenetaries
acres (ha. ) sq.mi. (sq.km. )
CURRENT
SOURCE
Census ,
local
agency
survey
Census,
HEW,
local
agency
survey
n
Census,
DOD,
local
agency
survey
Census,
local
agency
survey
UPDATE
3 - 5
years
rural;
1 - 3
years
urban
areas
H
ii
it
M
PLANNING ANALYSES
Existing supply
Quantity - physical
(parking and recreational
space)
Development
Access - clearing
Structural - clearing, repair
Landscaping - view
Scheduling - based on work
or usage schedules on
site or on adjacent land -
after hours, weekday,
weekend, summer usage
Maintenance
Natural communities
Facility upkeep
Scheduling - based on
existing site or adjacent
land usage schedule -
after hours, weekday,
weekend, summer usage
same as for (a) above
same as for (a) above
same as for (a) above
same as for (a) above
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I. E. LAND USE MEASURES
No. DATA ITEM
11. Recreation - Public and
Private
a. Public
acres (ha. ) sq.mi. (sq.km.)
by class:
BOR I - High Density
Recreation Area
BOR II- General Outdoor
Recreation Area
BOR Ill-Natural Environ-
ment Area
BOR IV- Outstanding
Natural Area
BOR V - Primitive Area
BOR VI- Historic and
Cultural Site
For other classes and
definitions, see
Recreation Special
Features and Ownership
and Special Recreation
Oriented Descriptors
Lists
b. Private
acres (ha. ) sq.mi. (sq.km. )
CURRENT
SOURCE
Census,
BOR,
local
agency
survey
Census,
BOR,
local
Trade
Associ-
ations
UPDATE
3 - 5
years
rural;
1 - 3
years
urban
areas
it
PLANNING ANALYSES
Existing supply
Quantity
Quality
Accessibility
Relative to supply and
demand
Development
Access - costs of additional
access
Structural - improvement or
additions
Landscaping - improvement
Scheduling - relative to
surrounding recreation
scheduling
Maintenance
Natural communities -
related to surroundings
Facility upkeep
Scheduling - related to
surrounding recreation
space
Same as for (a) above
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I. F. SPECIAL
No. DATA ITEM
F. Special
1. Recreation Oriented
Descriptors
a. Special Regional Land-
scape Descriptors
acres (ha. ) sq.mi. ( sq . km . )
mountain, lake, rolling
hills, piedmont, sound,
estuary, continental
shelf, etc.
(See physical, water,
biologic and land use
special characteristics
lists)
b. Specific Regional Land-
scape Names
acres (ha. ) sq.mi. (sq.km. )
Blue Ridge, Cape Henry,
James River, Virginia
Beach, Chesapeake Bay
c. Specific Natural or
Historical Sites
acres (ha. ) sq.mi. (sq.km. )
Great Dismal Swamp,
Seashore State Park,
Colonial Parkway, Zoos,
Arboretums
d. Specific Public and
Private Recreation
Facility Measures
numbers, length, area,
timing of availability -
day, week, se<ison
Holes (golf) - acres (ha.
Golf Carts - numbers
Warming Huts - sq.ft.(mj
Stables - numbers
Tables - numbers
Fireplaces - numbers
Trash Receptables -
numbers
Water T,aps - numbers
Bath Houses - number of
showers
CURRENT
SOURCE
local
agency
survey
local
agency
survey,
Interior
n
local
agency
survey,
Trade
Associ-
ation,
BOR, NFS,
USDA
UPDATE
with
major
natu-
ral or
man-
made
change
n
n
3 - 5
years
or
after
each
devel-
opment
PLANNING ANALYSES
Existing supply
Quantity
Quality
Accessibility
same as for (a) above
same as for (a) above
same as for (a) above
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I. F.
(Continued)
SPECIAL
No. DATA ITEM
d. Specific Public and
Private Recreation
Facility Measures
(continued)
Restrooms - units
Skeet Launchers
Boat Ramps - acres (ha.)
Buoys - numbers
Blinds - acres (ha.)
Moorings - numbers
Firetowers - numbers
Diving Boards -1m.,
high
Amusement Rides - acres
(ha.)
Laundry Facilities - sq.
ft. (sq.m. )
Utility Systems and
Hookups - electric,
gas, water
Fuel - wood, gas,
electric, other
Lifts and Tows - acres .
(ha.)
Trail Markings - mi. (km.]
Ground Maintenance -
acres (ha. )
Bleachers - number of
seats
Public Address System -
numbers
Courts, Tennis - numbers
Boat Lifts - numbers
Stocking (fish) - acres
(ha.)
Playground Equipment -
swings
Vista Points - acres (ha.;
Information Center -
sq.ft. (sq.m. )
Navigation Aids - numbers
Rentals, animals,
equipment
Restaurants - sq.ft.
(sq.m.)
Pools - sq. f t. (sq.m. )
Targets - acres (ha.)
Cabins - sq . f t . (sq.m. ) ,
pillows
Trails - miles (km.)
Ski-Jumps - acres (ha.)
Ski-Slopes - acres (ha.)
Shelters - sq . f t. (sq.m. )
Club House - sq.ft.(sq.
m.)
CURRENT
SOURCE
local
agency
survey,
Trade
Associ-
ation,
BOR, NPS,
USDA
UPDATE
3 - 5
years
or
after
each
devel-
opment
PLANNIN5 ANALYSES
Existing supply
Quantity
Quality
Accessibility
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I. F. SPECIAL
No. DATA ITEM
CURRENT
SOURCE UPDATE PLANNING ANALYSES
d. Specific Public and
Private Recreation
Facility Measures
(continued)
Fairways - acres(ha.)
Parking, paved, unpaved-
acres(ha.)
Fences - miles(km.)
Maintenance Bldgs. - sq.
ft.(sq.m.)
Access Roads, paved,
unpaved - miles(km.)
Stadium - seats
Gymnasium - seats
Auditorium - seats
Museum - sq.ft.(sq.m.)
Aquarium - sq. f t. ('sq.m.)
Library - sq.ft.(sq.m.)
Enclosed Recreation -
sq.ft.(sq.m.)
Playing Fields - acres
(ha.)
Airports - acres(ha.)
Marina - berths, acres
(ha.)
Ferry - cars or people
Dude Ranch - acres(ha.)
Motels e.nd lodges -
pillows, sq.ft.(sq.m.)
Vacation Farms - pillows,
sq.ft.(sq.m.)
Parkways (scenic) - mi.
(km.)
Impoundments - acres (ha.)
Zoos - acres(ha.)
Aboretums - acres(ha.)
Spas and Resorts - acres
(ha.)
Piers - feet(m.) length
Docks - no. of berths,
acres(ha.)
Skating Rinks - sq.ft.
(gq.m.)
Retail Facilities,
Equipment - acres(ha.)
Shooting Preserves -
acres(ha.)
Historic Sites (politi-
cal, military, social,
economic) - acres (ha.)
sq.mi.(sq.km.)
local
agency
survey,
Trade
Associ-
ation,
BOR, NFS
USDA
3 - 5
years
or
after
each
devel-
opment
Existing supp.lv
Quantity
Quality
Ac_c_g s s i b i 1 i ty
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I. F. SPECIAL
No. DATA ITEM
d. Specific Public and
Private Recreation
Facility Measures
(continued)
Unique Land Forms
(mountains, rocks,
falls, rapids, dunes,
quarry) - acres (ha.)
(See Physical.
Special Features)
Natural Areas (seashore,
deserts, marshes,
rivers) - acres (ha.)
sq .mi . (sq.km. )
Wildlife Preserves
(wetland, upland) -
acres (ha. )
Wilderness Areas
(wetland, upland) -
acres (ha. )
Hunting and Fishing
Areas - acres (ha.)
Scenic Easeir.ent - acres
(ha.)
Urban Street Network -
mi. per sq.mi. (km.
per sq.km.) (See
Land Use)
Rural Road Network -
mi. per sq.mi. (km.
per sq.km.) (See
Land Use)
Rare and Endangered
Species - numbers
Wild and Scenic Rivers -
miles (km. )
BOR Recreation Areas
Classes I-VI (See
land use classification
list)
e. Specific Public and
Private Recreation
Facility Ownership
acres (ha. ) sq.mi. (sq.km. )
county park, state park,
national park or
forest, private camp
CURRENT
SOURCE
local
agency
survey,
Trade
Associ-
ation,
BOR, NFS
US DA
n
UPDATE
3 - 5
years
or
after
each
devel-
opment
with
change
PLANNING ANALYSES
Existing supply
Quantity
Quality
Accessibility
Existing supply
Quantity
Quality
Development
Acquisition
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I. F. SPECIAL
No. DATA ITEM
f. Special Current
Political or Social
Characteristics
(near home of legis-
lator, unorganized
traditional hunting
area, fishing hole,
ghetto, etc.)
Aesthetic characteris-
tics - picture or
sketch of resource or
plan
CURRENT
SOURCE
local
agency
survey
UPDATE
with
change
PLANNING ANALYSES
Existing Supply
Development
Acquisition
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I. F. SPECIAL
No. DATA ITEM
2. Development Constraints
a. Land and Improvement
Value for Proposed Site
and Surrounding Area
dollars per acre (ha.)
b. Taxing Jurisdictions
by name
c. Tax Rates
d. Ownership
private - institutional,
other large owners
public - federal, state,
local
e. Special Land Management
Controls
watershed, fire control,
soil conservation, flood
open space, scenic
easement, etc.
f. Land Use, Construction,
Health and Safety
Controls
zoning, building,
health, air, water,
noise, highway and water
speed, hunting and
fishing, fire, pet,
liquor, etc.
CURRENT
SOURCE
local
agency
survey
local
agency
survey,
Census
Tonal
agency
survey
local
agency
survey,
DOD,
US DA,
Interior
n
local
agency
survey,
EPA
UPDATE
1 - 3
years
urban;
3 - 5
years
rural
n
n
ti
n
M
PLANNING ANALYSES
Development
Acquisition
Development
Acquisition
Development
Acquisition
Development
Acquistion
Development
Structural - permits
Landscaping - permits
Acquisition
Maintenance
Facility upkeep
Scheduling - conflicting
usage
Development
Structural - building codes,
permits
Landscaping - landscaping
codes , . permits
Scheduling - conflicting
usage
Maintenance
Facility upkeep
Usage scheduling - conflic-
ting usage
Emergency
Health codes
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I. F.
(Continued)
SPECIAL
NO. DATA ITEM
3. Benefits and Costs to
Site and Surrounding Area
a. Retail Sales at. Site
and Surrounding Area
recreation, food,
lodging, recreation
equipment purchase,
non-recreation sales,
dollars per year
b. Site and Surrounding
Area Costs and Returns
from Manaqinq Water, Air,
Bioloqic Resources of
Recreation Area
forest products, fish,
crops, air quality
dollars per year
4. Diract Development and
Operating Costs and Fees
a. Facility Construction
Costs
utilities, structures,
grading, landscaping,
water control, biologic
controls, fire trail,
markings
dollars
b. Access Construction Costs
highways, airstrips,
marinas
dollars
CURRENT
SOURCE
local
agency
survey,
Census,
Trade
Associ-
ations
n
local
agency
survey,
Labor
Dept.,
Trade
Associ-
ations
n
UPDATE
1 - 3
years
urban;
3 - 5
years
rural
n
n
n
PLANNING ANALYSES
Existing supply
Quantity - user non-
recreational needs and
expenditures, user
recreation-oriented
expenditures
Development
Acquisition - economic
impact on surrounding land
use
Maintenance
Facility upkeep - grounds
clean-up (trash, food
scraps)
Scheduling
Development
Access
Structural
Landscaping
•Scheduling
Acquisition
Maintenance
"~NaturaI7~coiranunities
Facility upkeep
Development
Structural - costs
Develonment
Access - costs
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I. F. SPECIAL
No. DATA ITEM
c. Annual Maintenance Costs
structures, landscaping,
litter, police, life-
guards, first aid,
utilities
dollars
d. Costs of Site Closure
Due to Social or
Ecologic Disaster
dollars
e. Fees Collected
entrance and facility
usage
dollars
CURRENT
SOURCE
local
agency
survey/
USDA,
Interior,
Trade
Associ-
ations
n
n
UPDATE
1 - 3
years
urban;
3 - 5
years
rural
it
n
PLANNING ANALYSES
Maintenance
Natural communities
Facility upkeep
Maintenance
Natural communities
Scheduling
Facility upkeep
Existing supply
Quality - costs
Maintenance
Natural communities - costs
Facility upkeep - costs
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II. A. USAGE BY ACTIVITY
NO. DATA ITEM
II. Recreation Usage Descriptors
Participation in Recreation
Opportunities
A. Usage by Activity
annual, total, and mean
persons per season or
event
1. Golfing
persons per hole
2. Skiing
persons per acre (ha.) of
slope
3. Hiking
persons per mile (km.) of
trail (nature trail.
primitive, mountain
climbing)
4. Horseback Riding
number
5. Camping
persons per acre (ha.)
tent developed site,
trailer, primitive,
group
6. Picnicking
persons per acre (ha.)
developed site, primitive
7 . Swimming
persons per facility or
acre(ha. )
pool, developed beach,
wading pool, undeveloped
beach, river, quarry
8. Target Practice
persons per target
archery, rifle, pistol,
driving range
CURRENT
SOURCE
USDA,
BOR,
local
agency
survey,
Trade
Associ-
ation
it
M
ii
n
H
ii
UPDATE
Annual
M
M
H
tl
..
.1
..
PLANNING ANALYSES
Demand
Participation rates
same as for (1) above
same as for (1) above
same as for (1) above
same as for (1) above
same as for (1) above
same as for (1) above
same as for (1) above
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II. A. USAGE BY ACTIVITY
No. DATA ITEM
9. Fairs
persons per acre(ha.),
ride or show
county fairs, carnivals,
circuses, amusement parks
10. Spectator Sports (outdoor)
persons per event
football, basketball,
hockey, car races, horse
races, dog races, open
theater concerts, zoos
11. Enclosed Activities
persons per sq. f t. (sq.m.)
bowling, pool, swimming,
roller skating, ice
skating, gym sports,
auditorium presentations,
museums, aquariums,
libraries
12. Outdoor Games
persons per acre (ha.) or
field, court, green,
. pool, track, facility,
trail, airport
baseball, football, bas-
ketball, soccer, volley
ball, tennis, badminton,
squash, handball, green
bowling, model boat and
airplane sailing or
flying, track running,
shuffle board, sliding
and swimming, miniature
golf, motor cycle riding,
sunbathing, sky diving,
surfing, scuba diving,
water skiing
13. General Relaxation
persons per acre (ha.) or
facility
dude ranches, mountain
lodges, resorts, etc.
CURRENT
SOURCE
US DA,
BOR,
local
agency
survey,
Trade
Associ-
ation
n
n
H
n
UPDATE
Annual
ti
ti
n
PLANNING ANALYSES
Demand
Participation rates
same as for (9) above
same as for (9) above
same as for (9) above
same as for (9) above
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II. A. USAGE BY ACTIVITY
No. DATA ITEM
14. Bicycling
persons per mile (km.) of
street or trail
15. Boating
persons per acre .(ha.)
row, sail, canoe and
kayak, ice, motor. (less
and greater than 50 hp)
ferries, racing, house
16. Ski Mobiling
persons per mile (km.)
17. Dune Buqcjying
persons per run
18. Sledding (tobogganing)
persons per acre (ha.)
19. Ice Skating
persons per acre (ha.)
pond and lake
20. Hunting
persons per sq.mi . (sq.km.
or acre (ha. )
big game, small game,
fowl (water)
21. Fishinq
persons per pier, acre
(ha. ) , mi. (km. )
pier, boat, bank
22. Recreation Driving and
Sightseeing
persons per mi. (km.) of
street or road
urban and rural
annual and seasonal
CURRENT
SOURCE
USDA,
BOR,
local
agency
survey
Trade
Associ-
ationit
n
H
n
n
H
n
II
UPDATE
Annual
n
ti
it
n
n
it
it
n
PLANNING ANALYSES
Demand
"Participation rates
sane as for (14) above
same as for (14) above
same as for (14) above
same as for (14) above
same as for (14) above
same as for (14) above
same as for (14) above
same as for (14) above
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II. B. MEMBERSHIP IN OUTDOOR
RECREATION ORIENTED GROUPS
No. DATA ITEM
B. Membership in Outdoor
Recreation Oriented Groups
CURRENT
SOURCE
local
agency
survey,
Trade
Associ-
ation
UPDATE
1 - 3
years
PLANNING ANALYSES
Demand
Participation rates
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III. A. POPULATION CHARACTERISTICS
BY PLACE OF RESIDENCE
No. DATA ITEM
[II. Demand Descriptors
A. Population Characteristics
By Place of Residence
1. Total Population
a. .Urban Total
urban per sq.mi.(sq.
km. )
b. Rural Total
rural per sq.mi. (sq.
km. )
2. Family Characteristics
a. Number of Households
and Persons per House-
hold
1, 2, 3, 4, 5, and
greater
b. Age
head of household -
number by class:
under 25, 26-50, over
50 years
children - number by
class:
0-3, 4-6, 7-12, 13-17,
18 years and over
c. Education
level of head of
household - high
school, college
d. Occupation
of head of household
by census categories
CURRENT
SOURCE
Census,
local
agency
survey
«
If
n
Census,
HEW,
local
agency
survey
Census,
local
agency
survey
UPDATE
3 - 5
years
n
n
n
ii
n
PLANNING ANALYSES
Demand
Effective - total
Demand
Effective - total
Demand
•Effective - total
Demand
Effective - physical ability
Demand
FJffective - skills
Demand
Effective - financial ability
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III. A. POPULATION CHARACTERISTICS
BY PLACE OF RESIDENCE
No. DATA ITEM
e. Income
by class:
$0-3,000, 3,000-10,000,
10,000+
f. Ethnic Background
race, religion,
national origin
number and origin and
destination of migrants
to and from service
region of recreation
resource by county
within state, by
state or distance zone
g. Disposable Income for
Recreation
dollars by income class
total dollars
h. Availability of
Recreation Time
work scheduling -
local timing of shift
changes - daily time
off; long weekends -
local; normal vacation
periods - local;
special military,
college, leave - local
i. Vehicle Ownership
by income groups and
number per family
3. Housing and Community
Characteristics
a. Housing Space
mean space by household
size class, sq.ft. (so.
m.)
CURRENT
SOURCE
Census,
IRS,
local
agency
survey
Census,
local
agency
survey
Census,
IRS,
Labor,
local
agency
survey
Labor,
BOR,
local
agency
survey
local
agency
survey
Census,
local
tax
records,
FHA, VA
UPDATE
3 - 5
years
n
H
n
n
n
PLANNING ANALYSES
Demand
Effective - financial ability
Demand
Effective - social pressure
(prejudice, fads)
Demand
Effective - financial ability
Demand
Effective - available time
Demand
Effective - available tine,
financial ability
Demand
Effective - total
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III. A. POPULATION CHARACTERISTICS
BY PLACE OF RESIDENCE
III. B. PERCEPTION OF
RECREATION OPPORTUNITY
No. DATA ITEM
b. Housing Value
dollars
c. Housing Ownership by
Income Group
own, rent
d. Length of Residence
mee;n, years
e. Area Social Characteris-
tics
annual incidence of
crime, disease, acci-
dents, by crime, disease
accident class
B. Perception of Recreation
Opportunity
1. User Stated Peroeotion of
Availability and Quality
of Recreation Opportunities
by family income classes
in service area
2. User Stated Desires for
Recreation Oooortunities
by family income
classes in service area
3. Availability of
Recreation Information
distribution or sales of
recreation oriented media,
annual sales, hours,
copies
CURRENT
SOURCE
Census,
local
tax
records,
I'HA, VA
n
n
Census,
Justice,
local
report-
ing
local
agency
survey,
USDA,
Interior,
Trade
Associ-
ationit
n
UPDATE
3 - 5
years
II
It
M
It
It
It
PLANNING ANALYSES
Demand
Effective - total, financial
ability
Demand
Effective - total, financial
ability
Demand
Effective - total
Demand
Effective - social pressure
Demand
Desire
Demand
Desire
Demand
Desire
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IV. A. RECREATION AGENCY CAPABILITIES
No. DATA ITEM
IV. Administrative Descriptors
P. . Recreation Agency
Capabilities
1. Legislation
a. Legislation Affecting
Federal, State, Local
Outdoor Recreation
2. Political
a. Voting Records on
Legislation Affecting
Outdoor Recreation
b. Coordination
action on Environmental
Impact Statements and
A-95 Reviews with other
agencies
3. Administration
a. Size and Organization of
Outdoor Recreation
Planning and Implemen-
tation Agencies -
Manpower and Skills
b. Soecific Agency Programs
Planning, Development,
Education
managers ' perceptions of
opportunities and
resource capabilities
c. Budgets
planning, development
CURRENT
SOURCE
HUD,
US DA,
BOR,
local
agency
survey.
Trade
Associ-
ation
n
n
n
n
n
UPDATE
Annual
n
ii
n
ii
ti
PLANNING ANALYSES
Existing supply
Quantity - legality (hunting
season, pollution controls)
Administrative
Organizational capabilities
Program effectiveness
Budget capabilities
Administrative
Orqanizational capabilities
Program generation
Budget cauabilities
Coordination with other
agencies
same as for (2a) above
Administrative
Organizational capabilities -
office and field staff
efficiency
Administrative
Program effectiveness
Administrative
Budgeting capabilities -
program budgeting
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